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The widespread availability of small and inexpensive mobile computing devices and the
desire to connect them at any time in any place has driven the need to develop an accurate
means of self-localization. Devices that typically operate outdoors use GPS for localiza-
tion. However, most mobile computing devices operate not only outdoors but indoors
where GPS is typically unavailable. Therefore, other localization techniques must be used.
Currently, there are several commercially available indoor localization systems. However,
most of these systems rely on specialized hardware which must be installed in the mobile
device as well as the building of operation. The deployment of this additional infrastructure
may be unfeasible or costly.
This work addresses the problem of indoor self-localization of mobile devices without
the use of specialized infrastructure. We aim to leverage existing assets rather than deploy
new infrastructure.
The problem of self-localization utilizing single and dual sensor systems has been well
studied. Typically, dual sensor systems are used when the limitations of a single sensor
prevent it from functioning with the required level of performance and accuracy. A second
sensor is often used to complement and improve the measurements of the first one. Some-
times it is better to use more than two sensors. In this work the use of three sensors with
complementary characteristics was explored.
The three sensor system that was developed included a positional sensor, an inertial
sensor and a visual sensor. Positional information was obtained via radio localization.
Acceleration information was obtained via an accelerometer and visual object identification
was performed with a video camera. This system was selected as representative of typical
vi
ubiquitous computing devices that will be capable of developing an awareness of their
environment in order to provide users with contextually relevant information.
As a part of this research a prototype system consisting of a video camera, accelerom-
eter and an 802.11g receiver was built. The specific sensors were chosen for their low cost
and ubiquitous nature and by their ability to complement each other in a self-localization
task using existing infrastructure.
A Discrete Kalman filter was designed to fuse the sensor information in an effort to
get the best possible estimate of the system position. Experimental results showed that
the system could, when provided with a reasonable initial position estimate, determine its
position with an average error of 8.26 meters.
vii
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1.1 Problem Introduction & Definition
1.1.1 Introduction
This work aims to address the issue of self-localization in mobile and ubiquitous comput-
ing systems. People today lead an increasingly on-the-go lifestyle where small computing
devices are used with increasing frequency. As circuit technology has advanced, new de-
vices with features that were previously unavailable have entered into common usage. The
goal of this research is to devise a low cost method for determining the location of a mobile
device in an indoor environment subject to the following constraints:
• The system must use inexpensive components that a large scale commercialization is
at least feasible.
• The system must use sensors which are or could easily be found in ubiquitous com-
puting devices such as cell phones or PDAs.
• The initial location of the system is provided by an external agent.
• The system must operate within the existing infrastructure of a building.
Applications for self-localization can range from robotic navigation to finding a lost
child or traveling around an unfamiliar area without getting lost. Furthermore, they add
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the capability of giving information about where you are at any time. For many of these
applications an ubiquitous computing device is ideal. An ubiquitous computing device is
defined as any electronic device which has entered widespread use in daily life. A prime
example of ubiquitous computing devices would be cell phones.
The main objective of this work is to show that the use of an ubiquitous computing
device for indoor self-localization is feasible and to explore the limitations imposed by the
constraints mentioned above.
1.1.2 Background & Definitions
This work deals with the self-localization of a mobile system. Localization is the problem
of determining the position, of a mobile system, in the environment. The self-localization
problem further requires that the system should be able to determine its position without
being directly told its position by an outside source.
The most basic part of the problem is the answer to the question: “where am I?”. In or-
der to accomplish this we need to differentiate between the two basic types of localization:
relative and absolute[1].
Absolute localization (i.e. position determination) is when the position is computed
relative to a universal coordinate system in which your current position may or may not
be the origin of the system. That is to say, the coordinate system is a given and is shared
amongst all nodes, especially reference nodes. A node is defined as an entity which is
participating in the localization system. Reference nodes, which specifically herein are
wireless access points, are places in the absolute coordinate system with definite known
location. The authors of [1] refer to reference nodes as anchors and note that for definite 2D
positioning, in which we are interested, 3 anchor nodes (i.e. anchors) are required([1],1).
As a point of interest, 3D positioning requires 4 anchors([1],1).
Relative localization is the determination of position referenced against a known start-
ing point (i.e. known absolute position). The frame of reference for relative positioning is
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the object in motion. All dead reckoning methods, such as inertial navigation and odome-
try, are relative positioning techniques as they provide information based on the motion of
the object. The problem with relative positioning is that within an isolated system you can
only know the specific force on one point and the angular instantaneous velocity, but not
other information on motion or heading, which is a direct result of Einstein’s principle of
generalized relativity([19],1).
Recall that the overall goal of this work is to determine our position in the absolute
coordinate system with respect to a starting point provided by an external agent. The easiest
way to accomplish this is with a relative positioning sensor, such as an accelerometer.
A relative positioning sensor combines measurements of motion with a known starting
location to provide an estimate of the absolute location. The problem with any sensor is that
the measurements are not precise, but are subject to noise and errors due to their interactions
with the environment ([38],3). Given that each measurement from the relative sensor is
subject to noise and error as the measurements are accumulated so is the error. This means
that the accuracy of the absolute position estimate can continually get worse. One of the
main purposes of multiple sensor systems is to address the problem of error accumulation.
By using sensor fusion with error metrics we were able to create a simple system with
accuracy comparable to several other systems utilizing more complicated techniques or
artificial restrictions.
Sensor fusion involves the integration of measurements from multiple different sensors
to achieve better performance than a single sensor could provide. The information from
these sensors is typically combined using a Kalman Filter. The actual improvement is
application specific. Here the aim was to obtain the best possible position estimate given
the constraints of the system.
There are other techniques that combine multiple sensors, such as hybrid sensing. How-
ever, these techniques are different from sensor fusion (i.e. sensor integration). Hybrid
sensing functions by allowing one sensor to work as the primary source of the measure-
ment estimate. However, at some point, either predetermined or adapted, another sensor is
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used to recalibrate the existing measurements[32]. In this work a sensor fusion approach
will be used.
1.1.3 Description
Given the aforementioned description of the intricacies of self-localization we attempted
to improve upon the existing techniques, while still operating within the aforementioned
constraints. The focus of previous research has been the fusion of two different sensors,
typically vision and inertial, to achieve better performance. Again note that by performance
we mean accuracy of absolute position estimation. Some work has been done using GPS
combined with other sensors[24]. Almost no work has been done on using RF localization
techniques fused with other sensors.
Given that indoor RF localization has been explored before with relatively good results[15],
it was decided that the focus of this work should be the performance of a sensor fusion sys-
tem consisting of three different sensors, with an emphasis on low-cost implementation
using COTS (commercial-off-the-self) parts. Three different sensors, chosen because of
their low-cost, availability, and utility, were used.
1.2 Localization Focused Ubiquitous Systems
The paper Location systems for ubiquitous computing[4] addresses many of the techniques
already discussed but with a particular slant towards ubiquitous devices. Ubiquitous com-
puting is essentially the integration of computers within daily life. The authors of [4]
introduce a variety of ubiquitous devices, from smart id badges that locate you within a
building to the E911 service of the cell phone system that can find you anywhere there is
cell service. A fantastic example of some ubiquitous devices that self-localize can be seen
in table 1 of ([4],5). As presented in [4], the most popular techniques are RF based, with a
special focus on GPS.
There is very little about self-localization for ubiquitous computing, which is our focus,
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that is different from the classical self-localization problem. The major issue to point out
is that ubiquitous computing devices tend to be small and unobtrusive, while other systems
may not adhere to that idea. We will attempt to keep the size and integration issue in
mind, but the goal here is to investigate a possible solution to the self-localization problem
that could feasibly be applied in a ubiquitous computing device and not be constrained by
mechanical considerations.
By and large the most popular ubiquitous localization systems are RF based and the
performance of those systems is as broad as it could possibly be. As discussed in [4]
the accuracy ranges from hundreds of meters for the E911 service to less than 10cm for
ultrasonic ranging. Each technique has its own strengths and weaknesses. RF is perhaps
the most popular because it works throughout a large area through most walls and buildings.
The RF base stations are located at known global positions and provide absolute location
information. This is true of E911 and 802.11 as they are prime examples of RF based
topologies. However, the accuracy of such RF systems is affected by building materials
and the number of RF reference points. Typically, the accuracy of RF systems is limited to
around 30m for single reference point 802.11 based systems and 300m for E911[4]. That
accuracy can be improved by using multiple reference points, which is very possible with a
system like E911 that uses the cell-phone network, or with 802.11 when many accesspoints
are available. Other absolute position topologies, such as infrared or ultrasonic, can provide
very good accuracy, within centimeters, at the expense of flexiblity. Specifically, ultrasonic
waves are stopped by rigid objects and infrared sensors require line-of-sight between the
transceivers. Clearly, the choice of technology is defined by the operating enviroment and
performance requirements.
In this work it was required that we not modify the existing structure of the building in
which we were operating. The system also needed to operate indoors and within a variety
of rooms. Therefore, infrared and ultrasonic sensors were discarded as impractical. RF was
chosen as the key absolute position determinator because it does not require line-of-sight or
predetermined building layout knowledge, other than the position of the RF accesspoints.
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However, as noted above, the accuracy is questionable. However, it is expected to improve
as technology changes.
1.3 Basics of the Sensor System
In light of the previously discussed elements to the problem the following solution was
implemented. The major concern herein was the estimation of the 2D position of the sens-
ing unit. As previously stated the desire was to use three sensors combined together in a
framework to achieve the best results possible.
The three sensors chosen to be integrated into one system are a camera, inertial sensor
and a RF receiver. The physical assembly of the three sensors which is moved around on
a rolling cart to make measurements is referred to as the sensor system. This includes the
software necessary to make the system function.
Within the sensor system each of the three sensors had a particular function. Those
functions were chosen to maximize the abilities of that particular sensor. A discussion of
each of the sensors functions and abilities follows.
1.3.1 Camera Sensor
Initially, a camera was included to do landmark identification and estimation of heading
and translational motion changes. One of the main issues is how to select good landmarks.
Landmarks or other objects which could be identified which exist in one building do not
necessarily exist in another building nor are the locations of such objects known in advance.
To support as natural an indoor environment as possible led to the choice of door locks
as the object which the vision system would identify and track for velocity information.
To state the obvious: Almost every building in existence has doors. Most of those doors
have locks. Thus the pervasive nature of door locks made them an ideal choice for indoor
landmarks.
The camera system therefore was designed for landmark identification and computation
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of velocity based on relative motion. There are many excellent papers on advanced visual
navigation[33][2][19][32]. However, many of these techniques rely on artificial landmarks.
Since our landmarks were door locks that were present in the building, most existing
tracking algorithms could not be used. Furthermore, techniques that required (extrinsic)
calibration were also discarded. As point of note, future work could include the use of a
range finder to provide distance information.
It is worth mentioning that by using accelerometers it is possible to estimate the pose
of the camera [19]. Lobo and Dias proposed this approach to determine the rotation of the
camera which respect to a vertical gravity reference. In their setup an INS system provided
that information. In our setup the accelerometer is measuring the forces on the system
directly and lacks the structure of an inertial navigation system. Additionally, Lobo and
Dias use a stereo camera pair which allows the computation of distance to the target([19],6).
Other techniques require the use of special optical landmarks so the camera may recover
it’s position [33]. These landmarks were built in such a way that the camera could identify
and extract vanishing points.
Then the CP (center-of-projection) of the camera could be computed. The CP is where
vanishing lines between the image plane and points in the 3D world intersect. This is
discussed in detail in section 3.1.1. The problem arises when you try to recover the CP
using classical calibration techniques on a camera which moves. Classical calibration, as
implemented in OpenCV, uses a point correspondence between a set of object points and
a set of image points. If it is possible to acquire those in real time, as you move, then
you can recover the CP of the camera. This is the purpose of the specialized landmarks in
[33]. The reason classical calibration does not work with our setup is because the camera
is on a moving platform. Classical calibration provides coordinates relative to the camera’s
position. As the camera moves the points no longer occupy the same coordinates. A very
simple example that illustrates this complication and the reason an alternate technique was
chosen is this: Take a calibrated camera and point it at an image of a door lock. Translate
the system down the hall until reaching another door lock. Let, this image at the new
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position be functionally identical to the image at the original location. The system clearly
is not at the same place, yet the results from the calibrated camera are the same. It is simply
put the problem of having the same input for multiple desired outputs.
Therefore, because unique artificial landmarks have been excluded and due to the above
mentioned difficulty identifying which particular door lock (or any other non-unique ob-
ject) was in the field of view, an alternative technique was employed. The camera, since
computing position proved impossible because of the uniqueness problem, was restricted
to computing velocity. This has the unfortunate side effect of relegating the camera to the
role of a relative sensor as opposed to an absolute sensor.
1.3.2 Inertial Sensor
The inertial sensor, which for this purpose is a two-axis accelerometer, was used to provide
relative positional information. It is important to note that the use of an accelerometer
requires the knowledge of the initial position of the sensing system, or at least an estimate.
The better the estimate the smaller the errors of the accelerometer sensor. This is due to the
way an accelerometer works. The theoretical basis for an accelerometer is Newton’s Law
of Motion, F = ma. Specifically, an accelerometer measures the force, on a known mass
(often called the “proof mass”) and provides an output which is the acceleration. As the
acceleration is relative to the object in motion we call the accelerometer a relative sensor
as was previously noted.
This is not a complete inertial navigation system as there are no gyros to provide head-
ing information. Inertial navigation units are much more expensive and therefore were
ruled out. Friedland discusses some of the issues in inertial navigation and the Schuler
effect([8],74). It is accepted as common knowledge that obtaining position from accelera-
tion requires the double integration of the data.
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Figure 1.1: Sensor System Environmental Interaction Diagram
1.3.3 RF Sensor
The final, and perhaps most involved portion of the sensing system was the RF sensor. The
RF sensor was the only sensor used to provide direct x and y positional information. The
RF sensor was a standard 802.11 card integrated into the laptop which was responsible
for the processing and integration of all the sensor data. The RF APs (accesspoints) exist
independently of the system in motion and are located at fixed positions in the external
reference frame. This means that they are, as discussed previously, absolute positioning
devices. Much research has been done on using specialized RF infrastructure [15]. In our
application we cannot use such specialized equipment. Furthermore, we are restricted to
existing infrastructure. As such only two accesspoints were available within the building
in which the system operated.
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1.3.4 Overall Function
Figure 1.1 shows how the sensing system interacts with the building environment. Note
the camera looking for door locks, the RF receiving signals from two accesspoints and the
accelerometer reading the input accelerations. From this picture the above discussion of
relative versus absolute sensing should be clear. The arrows indicating Fx and Fy are the
input forces felt by the cart, which are measured by the accelerometer. The circles indicate
the distance of the system from each of the accesspoints. Notice how one of the intersection
points is labeled RF, which is the RF antenna on the cart. The camera, labeled as CAM, is
identifying a door lock which is in its field of view.
At this point the general purpose and environmental interaction of each of the sensors
should be clear. Further details about the RF localization are discussed in chapter 2. Details
about visual localization are discussed in chapter 3 and details about inertial localization
are discussed in chapter 4. Chapter 5 discusses the integration of the sensor information
and chapter 6 discusses the experimental setup and results. Lastly, there is discussion of




2.1 RF Techniques for Self-Localization
Given that we are trying to develop an accurate and low-cost self-localization system, with
the rise in the availability of high bandwidth wireless LAN technologies, an 802.11a/b/g
based system presents itself as the best choice for an RF localization system. As the au-
thors of [15] present, for indoor localization better than 10 meter accuracy is required.
That implies that system bandwidth must be at least 30MHz, which makes 802.11 an ideal
choice([15],1), especially with the higher bandwidth of 802.11g which allows close to 6
meter accuracy (in theory) [16]. The ideal solution would be a ultra-wide band (UWB)
technology such as wireless universal serial bus (WUSB); however, there is currently lit-
tle commercially available hardware that uses UWB technology. UWB and specifically
WUSB promises bit-rates around 480Mb/s which would allow for sub-meter accuracy at a
range of around 3-5 meters [15].
The theory behind the potential accuracy of high-bandwidth RF systems for localization
comes from the propagation time and wavelengths of RF signals. Assuming that an electro-
magnetic wave travels at the speed of light, or 300, 000, 000m/s then the distance that one
period of that wave propagates in a second (the wavelength) is given by equation 2.1 where
C is the speed of light, λ is the wavelength and ν is the frequency.
C = λν (2.1)
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Thus, waves with a smaller wavelength yield a higher localization precision potential. Re-
arranging equation 2.1 allows equation 2.2 to show that for a precision (wavelength) of 10







There are ways to improve that accuracy using interpolation, which are explained in
[36] as the GPS system uses several such techniques.
The method presented in [15] is a time delay of arrival (TDOA) technique. This is a
technique based on the compromise between complexity and accuracy. For this work, a re-
ceived signal strength indicator (RSSI) technique was the only one implemented; however,
a TDOA technique is also discussed because it provides a look at other RF localization
techniques ([15],2). The reasoning behind only using the RSSI technique is simple. Com-
mercial accesspoints, such as were present in the building of operation, do not have any
support for TDOA (or for that matter any) localization techniques. RSSI techniques do not
require support from the accesspoints. In keeping with the requirement to utilize existing
infrastructure no modifications were made to the accesspoints.
The TDOA technique essentially measures the delay between when a packet is sent and
when it is received. This requires the accurate synchronization of the clocks of the wireless
access-points (APs) and in this case that was accomplished with custom hardware([15],4).
In the interests of keeping the self-localization technique low-cost and within the existing
infrastructure, custom hardware for access points is unacceptable, yet the technique is still
valid. The accuracy obtained was 2.4 meters at best([15],6).
The next relevant technique was presented in the paper Radio Interferometric Geoloca-
tion[18]. The authors of [18] introduce a technique aimed to address the major issue with
TDOA based RF techniques, which is the very fast rate at which electromagnetic radiation
propagates through air. The idea they propose is:
... to utilize two transmitters to create the interference signal directly. If the
frequencies of the two emitters are almost the same then the composite signal
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will have a low frequency envelope that can be measured by cheap and simple
hardware readily available on a WSN node. ([18],3).
Two RF signals that are close in frequency will interfere with each other and the envelope
of that interference will be of a lower frequency, thus supporting easier localization. The
reason it is easier to TDOA localize with a lower frequency signal is because the time
synchronization does not need to be as precise as with a high frequency signal. A full
discussion of TDOA and radio interferometric techniques is beyond the scope of this work.
The issue with this particular technique is that two receivers are used[18]. Our experimental
setup only has one receiver because the goal of our research is to try an find the absolute
position of a single client, not relatively localize various clients. In larger networks of self-
localizing ubiquitous computing devices this technique would be interesting because there
would be multiple receivers that could relatively locate themselves.
The chosen wireless localization technique was a simple RSSI with an interpolated and
calibrated signal strength meter.
As a basis for comparison on the differences between RSSI and GPS the following
explanation of the operation of the GPS system is presented. The reason for comparing our
system with GPS is that GPS is the de-facto standard localization system currently in use
for outdoor localization. Even though GPS receivers do not typically work indoors, they
are used in cell phones, cars, airplanes and numerous other ubiquitous devices. It is perhaps
the most successful localization system currently in use. A GPS receiver, which does not
transmit any information to the GPS satellite network, can localize itself anywhere on the
Earth within 10 meters (1 meter for military units) [36].
A GPS system works as follows [36]:
1. The basis of GPS is “triangulation” from satellites.
2. To “triangulate,” a GPS receiver measures distance using the travel time
of radio signals.
3. To measure travel time, GPS needs very accurate timing which it achieves
with some tricks.
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4. Along with distance, you need to know exactly where the satellites are in
space. High orbits and careful monitoring are the secret.
5. Finally you must correct for any delays the signal experiences as it travels
through the atmosphere.
In a simple form, GPS measures the time for a signal to arrive at a receiver by aligning a
repeating code. Transmitting a higher bandwidth code provides better accuracy.
At the beginning of this work it was estimated that sub-meter accuracy was possible.
However, several key limitations became apparent as the system was implemented. Note
that the reason for not using GPS is that GPS signals are often hard or impossible to receive
indoors.
When choosing an RF localization method the RSSI method was selected because it is
the only method available with COTS hardware which was within the existing infrastruc-




Computer Vision for Localization
3.1 Introduction to Computer Vision
One of the major aspects of this work has been the application of a visual sensor, specif-
ically a camera, to assist in the localization process. In order for the camera to provide
useful data it, like any other sensor, must be calibrated. Given that the nature of a camera
is different from other sensors the issue deserves some special attention.
3.1.1 Camera Model
The first step in the process of using a camera for localization, even before calibration, is
the selection of a model for the behavior of the camera. One of the most common models
is the pinhole camera model.
Pinhole Model
The pinhole camera model relies on the idea of perspective projection. That is to say a
point in the world with the coordinates P = (x, y, z) is projected to a collinear point on the
image plane with coordinates p = (u, v, λ). The image plane is said to be a distance λ away
from the origin of the camera frame. This is illustrated in figure 3.1. Furthermore, the point
where the optical axis intersects the image plane is known as the principle point. Given that
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Figure 3.1: Camera Coordinate Frame([22],379)








Thus (u, v) are used as the image plane coordinates[22].
Given that an image is stored as a matrix of discrete gray levels a pixel in the image is
said to be located at (r, c), where (0, 0) is considered to be the top left corner of the image.
Therefore, it is necessary to find a mapping between (u, v) and (r, c). This mapping is
given by equation 3.2, where sx and sy are the size of a pixel and (or, oc) are the pixel array
coordinates of the principle point.
− u
sx
= (r − or), −
v
sy
= (c− oc) (3.2)
A more thorough discussion of the pinhole model may be found in [22].
Other Models
While the pinhole model is perhaps the most common and most simple model, there are
other camera models. Lobo and Dias use a unit sphere instead of a plane onto which the
image is projected [19]. This alternate projection, shown in figure 3.2, leads to the mapping
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Figure 3.2: Line Projection onto Unit Sphere([19],2)
in equation 3.3, where m is a unit vector and f is the focal length of the camera. Note that
the projection is not defined for P = (0, 0, 0)T .










While this technique was not directly applied to this work it is representative of other
methods of modeling a visual sensor.
3.1.2 Camera Calibration
Once a model has been chosen the camera must be calibrated to be able to recover the world
point (x, y, z) from a given pixel value (r, c). Simply, the process of camera calibration
is the determination of the intrinsic and extrinsic properties of the camera. Examples of
intrinsic properties would be lens focal length and lens distortion. Examples of extrinsic
properties would be the pan or tilt of the camera.
Using the pinhole model as discussed above, the mapping from the 3d world coordi-
nates is given by equation 3.4, which is a combination of equations 3.1 and 3.2.











Figure 3.3: Camera Distance Model
It is sufficient to know the ratios fx = λsx and fy =
λ
sy
. When using a typical camera
calibration approach[22] we need to find fx, fy, or, oc, which are the intrinsic parameters
of the camera and do not change with motion. However, in this work a typical camera
calibration was not used as it was not possible to determine all the extrinsic camera param-
eters (specifically distance to target). Without all the intrinsic and extrinsic parameters it is
not possible to recover the camera frame coordinate points. Additionally, we do not know
the coordinates of door lock which is in frame because all the door knobs are identical.
Therefore, uniquely translating the CP to the world coordinate frame is not possible.
3.2 System Camera Model
Due to the above presented issue with the camera system the following alternate technique
was employed. The camera used a visual model which was created from empirical data
as intrinsic data was not available. Given that the object identifier always provided square
regions, the x and y scales were treated as proportional and the area of the region was used
to compute the distance. A plot of the raw data used to create the camera distance model is
shown in figure 3.3. The distances are in inches and the area is in square pixels. The model
was fit to a decreasing exponential curve and was linearized by taking the log of the data.
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Table 3.1: Camera Model Raw Data
The actual theoretical model is based on equation 3.1 which specifies projection from the
CP to the object([22],380), however this theoretical model is nonlinear and a linear model
was desired so that it could be interpollated on the fly by the imaging system as computa-
tional implementations for nonlinear interpollation are beyond the scope of this work. Do
note that the error from this approximation is bounded and decreases exponentially as is
shown in [5].
The linearized model for the aformentioned data is shown in equation 3.5 where ycam
is the estimated distance from the detected object and mcam and bcam were calculated from
the data shown in table 3.1 by a linear least squares fit.
ycam = exp(mcamaobj + bcam) (3.5)
In this experiment the data provided mcam = −0.0002226291 and bcam = 1.075. A
sample image where the system has detected a door lock is shown in figure 3.4. Once the
door lock detector was functioning then it was possible to obtain velocity data from the
detection subsystem. Recall that for reasons of minimizing error accumulation is was de-
sirable to minimize the integration of data, which leads to computing velocity as a natural
choice, since, for reasons previously discussed, obtaining position directly was not possi-
ble. From a theoretical standpoint equation 3.6 demonstrates where the integration errors
come from. In equation 3.6 x(t) is the position and
∫
ẋ(t) is the velocity and ε is an error
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Figure 3.4: A Detected Door Lock
constant representing an error in the measurement.
x(t) + εt =
∫
ẋ(t) + εdt (3.6)
Given that the door locks are a constant known size (2 inches by 2 inches) it is possible
to compute the change in distance from the lock and also to track the motion of the door
lock within the frame. The goal of the system was not to be robust to orientation changes
and as such the x axis was fixed so that it was aligned with the center of the camera axis
and the y axis was perpendicular to that axis along the ground plane. The system model
particulars will be addressed further in section 5.1. Thus, changes in the size of the door
lock provided an estimate to the x velocity while changes in the horizontal position of the
door lock in the frame provide an estimate of the y velocity. Using the aformentioned
camera model and a known door lock size of 2in sq. provided a way to compute the
correspondence between a pixel and a real distance, using a simple ratio. The computed x
and y velocities were then available to the rest of the system. This technique is a variant of
mapless navigation where the system has
no explicit representation at all about the space in which navigation is to take
place, but rather resorts to recognizing objects found in the environment or to
tracking those objects by generating motions based on visual observations([14],2).
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The authors of [14] feel prudent to note that all techniques rely on the fact that the vision
system must have some kind of a-priori knowledge about what they are supposed to see.
The objects of opportunity in this instance are specifically door locks.
Interestingly, it is presented that vision based localization requires the following steps([14],3):
Acquire sensory information. For vision-based navigation, this means ac-
quiring and digitizing camera images.
Detect landmarks. Usually this means extracting edges, smoothing, filtering,
and segmenting regions on the basis of differences in gray levels, color,
depth, or motion.
Establish matches between observation and expectation. In this step, the sys-
tem tries to identify the observed landmarks by searching in the database
for possible matches according to some measurement criteria.
Calculate position. Once a match (or a set of matches) is obtained, the system
needs to calculate its position as a function of the observed landmarks and
their positions in the database.
However, there are many uncertainties associated with the observations of the camera.
Therefore there needs to be a way to mitigate these uncertainties. In [33], the authors
essentially use a midpoint approximation between two samples. In [14] the authors present
Markov localization, Markov processes, Kalman filtering based on Gaussians, intervals and
deterministic triangulation as possible solutions.
Given the lack of robustness and the complexity of searching a large database of objects
to be matched, in different orientations, a different technique needs to be investigated. Viola
et al. in [37] present a technique which uses features that are similar to Haar basis functions
to classify images. A feature, as is presented, is the, “difference between the sum of the
pixels within ... rectangular regions”([37],4). This is important because the OpenCV library
includes a Haar classifier that can be trained to identify the appropriate objects of interest.
21
In the paper Vision-Based Localization Algorithm Based on Landmark Matching, Trian-
gulation, Reconstruction, and Comparison[20] David Yuen and Bruce MacDonald present
a technique for global localization. They define global localization as identifying “position
with respect to some external frame using only the current sensory data” ([20],1).
Yuen and MacDonald claim that localization methods can be classified as iconic and
feature based. Iconic techniques try to match the current raw visual sensor input against
a previously acquired image set. Feature-based techniques compare prominent features
extracted from the raw image data ([20],1). An example of a feature based technique would
be extracting the room number from an image of a door sign. Similarly, matching the
whole image of the door and sign against a previously acquired image would be an iconic





4.1 Inertial Navigation for Self-Localization
Inertial navigation, when applied to localization, provides a way of knowing, when re-
stricted to the 2-dimensional case, velocity and heading. In the three dimensional case
knowing attitude is also possible, thus allowing the determination of the pitch, roll and
yaw of the object in motion. This is possible without any external reference data through
the use of accelerometers and gyroscopes (gyros) ([35],1). This is a result of Newton’s
laws of motion, specifically that a moving body “continues to move with the same velocity
unless acted upon by an external force and that such a force will produce a proportional
acceleration of the body”([35],2). Gyroscopes are required to provide information about
the orientation of the body within the world space.
Weston and Titterton, in [35], describe the various different varieties of inertial sensing
devices. Navigational grade inertial navigation systems (INS) are far too expensive to be
practical for this work. However, cheaper, less accurate alternatives are appropriate for
this application. The background introduced below about the essential functions of INS
is applicable, although it will be modified as the research herein is restricted to the use of
accelerometers. Processing angular information (i.e. heading) is beyond the scope of this
work. Essential functions which an inertial navigation system must perform are([35],2.):
• Use gyroscopic sensors to determine the angular motion of a vehicle,
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from which its attitude relative to a reference frame may be delivered.
• Measure specific force using accelerometers.
• Resolve the specific force measurements into the reference frame using
the knowledge of attitude delivered from the information provided by the
gyroscopes.
• Have access to a function representing the gravitational field – the grav-
itational attraction of the Earth in the case of systems operating in the
vicinity of the earth.
• Integrate the resolved specific force measurements to obtain estimates of
the velocity and position of the vehicle.
Herein we aim to resolve only the 2D position, without attitude compensation. Thus,
the accelerometer used will be aligned parallel with the axis of motion and used to measure
the specific (Fx,Fy) forces. Weston and Titterton note that INS is inherently prone to the
accumulation of errors and that one solution is the recalibration of the system with external
reference data ([35],12). Recall that herein we have mentioned that INS is a relative posi-
tioning system and that for the reason of error accumulation we propose to use two sources
of external location data, RF and Vision. Interestingly, after the discussion of the state of
INS presented in [35], it would appear that INS requires the use of gyroscopes. However,
a more recent paper, which will be discussed next, presents a method of determining the
attitude (as it was called) or heading from only an accelerometer-based system.
Tan and Park, in [27], present a method for determining the feasibility of using a given
physical configuration of N accelerometers for determining both the location and orienta-
tion of an object. Note that for the purposes of this thesis we are trying to avoid unnecessary
complication (and therefore expense) of the INS and thus restricting our sensor platform
from rotational movement (only the platform, the camera may operate independently) so
this work is not directly applicable, but it is representative of what is possible using only
accelerometers. Recall that the original inspiriation of this work was the use of a cell-phone
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like device for indoor localization. These devices are commonly found on belt clips and do
not undergo rotations of a nature relevant to this work. As note, in the rotations found by
turning a corner would only change the relative X and Y axis of the accelerometer. Han-
dling inertial rotations has been well studied and handling them was beyond the scope of
the work.
In [27] it is shown that for 3D INS based only on accelerometers, 6 accelerometers
are required. The simplest feasible configuration is to place the accelerometers in a cube
configuration which allows the state equation developed to have a closed form solution
([27],4). Unfortunately, this INS system is prone to positioning errors which grow with
time and would require recalibration to bound the error ([27],9), which is a similar problem






Any system or subsystem where the behavior needs to be classified must have a model. Fre-
quently models are developed empirically based on a simple experiment. In this work both
empirical and theoretical models were used. The overall system model was a theoretical
dynamic model in a state-space representation.
5.1.2 Experimental System Model
A state space model was chosen for the overall system as the system is a multiple input
multiple output system and state space descriptions manage that setup cleanly. The system
model is based on a simple mass with friction model in two dimensions.
The choice of the simple mass with friction model was based on the nature of the cart
on which the system was mounted. The cart had four casters with a low rolling resistance.
The dynamics of the system are given in equation 5.1. Specifically, the F
m
captures the input
force (which is measured by the accelerometer). The b
m
captures the rolling resistance of
the wheels which causes the cart to stop moving unless an input force is present. Friction
has to be considered in the model. If friction is neglected the system would be equivalent
to a cart that never stops when given a push, which is not possible in the real world. Notice
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that the model describes the cart slowing down if F is 0, which is the real behavior of the
system. Also notice that the rolling resistance opposes the direction of motion, which is
also true of any wheeled system. Both dimensions x and y are considered as the system
may move along the ground plane.
The one dimensional dynamic equation is shown in equation 5.1, where ẍ is the overall
acceleration felt by the cart, F is the input force and b is the friction force opposing ẋ,







Given that herein we have a setup which is on wheels, as shown in figure 5.1, the friction
force is not a static or kinetic friction but a rolling resistance. Given that the system was on
carpet with small casters a high value for rolling resistance was chosen. A chart of rolling
resistance values is available at [39]. Thus the state input and output matrices are shown in
equations 5.2 and 5.3. Note that these are the continuous time equations.
The choice of these dynamics were dictacted by equation 5.1. The choice of b was
meant to capture the forces on the system which oppose the velocity and cause the system
to come to a stop. The two principal forces which are proportional to velocity are drag
and rolling resistance. Drag force at low velocity, such as the system was subjected to, is
negligible and was ignored. The rolling resistance caused the system to roll to a stop rather
rapidly and could not be ignored. Due to the fact that finding published values of rolling
resistance coefficients for hard casters on commercial carpet is both difficult and unreliable
the rolling resistance was estimated based on how fast the physical system cart would come
to a stop. The value of b used was 0.4905. Actual determination of rolling resistance is an
involved process and is beyond the scope of this work. Rolling resistance as well as static
and kinetic vehicular motion considerations are discussed in [34].
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The above equations are in the standard state space form shown in equations 5.4 and 5.5,
where Ac, Bc, Cc, Dc are the continuous time state matrices and x is the vector of states and
ẋ is the vector of the derivatives of the states and u is the system input vector.
ẋ = Acx + Bcu (5.4)
y = Ccx (5.5)
In order to use the model it needed to be discretized because of the sampled nature of
the measurements. The system was discretized by using a zero-order hold equivalent as
described in [25]. The reason that a zero order hold equivalent (ZOH) was chosen is that
the sensors can only provide data at the sampling times. It is desirable to have the model
respond only to the actual values of input and not a combination of current and previous
inputs, which is the role of the Kalman filter, to optimally weight current and past inputs and
states. Essentially, the system model needs to provide the Kalman filter with its response
to current inputs only and allow the filter to handle previous inputs.
As described in chapter 3 of [25] the zero-order hold is achieved by clamping the output
of the sampler at the instant that sample is available. That value is then held until another
sample is available. This technique does not impose any delay on the system but provides
poor information about the signals between sampling times, we were not concerned with
sub-sampling the information, only the data at the sampling times. This idea was driven by
the nature of the system hardware.
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Figure 5.2: System Block Diagram
The accelerometer provided a continuous analog signal which was sampled by a 68hc12.
The samples were taken and output at approximately 30Hz. Note although the bandwidth
of the ADC was hardware limited at 50Hz. Notice also that 30Hz is well below the Nyquist
frequency of 100Hz required for reconstruction. The goal here was not to be able to re-
construct the sampled signal, but rather use that data as acceleration information, which
means that the overall system bandwidth is more relevant. The 30Hz was chosen because
the localization system was bandwidth limited by the processing time of the vision system
and 30Hz was the maximum frame rate of the NTSC video signal. The RSSI frequency
was approximately 4Hz. This was limited by the wireless card and drivers. The driver
layer took about 250 milliseconds to collect, process and return signal strength information
to the user’s program.
Given the above discussion that data from the various sensors was sampled and that
no further delay was desired a zero order hold was the appropriate choice. Using a zero-
order hold equivalent required the computation of the matrix exponential which is a rather
involved operation. Normally, discretization is done only once in a tool such as Matlab and
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the discrete time matrices are used and Matlab includes a routine to compute the matrix
exponential. The theory describing why a matrix exponential is required comes from the
solutions of differential equations. A full discussion of solutions to discrete time systems is
beyond the scope of this work and may be found in [8]. In this case it was useful to be able
to rediscretize at different sampling times for testing purposes and as such a framework to
compute the matrix exponential was implemented using Algorithm 11.3.1 from [10]. The
discrete time matrices for a sampling time of 1/20 are shown in equations 5.6 and 5.7. The
reason that Ts = 1/20 was used is that was that maximum frame rate the camera could
provide. As data was only available from the sensors at a given interval those were the only
samples to consider. A faster sampling time would have created additional computational
effort without any gain because the same value (held by the zero order hold) would have
been held again.
Notice that the RSSI frequency of 4Hz is well below the sampling time. It was desirable
not to handicap the system by only sampling when all the sensors were available. It is
also impossible to ascertain exactly how fast the RSSI information would be available.
Sometimes the driver would provide that information instantly, other times it would delay.
It depended on the update packets from the APs. If the RSSI readings were unavailable it
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Equations 5.6 and 5.7 are in the form described by equations 5.8 and 5.9. More discussion
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about discretization of systems may be found in [25] and [8].
x(k + 1) = Adx(k) + Bdu(k) (5.8)
y(k) = Cdx(k) (5.9)
5.2 Kalman Filtering
Perhaps the most common technique for sensor fusion and the one which has been chosen
for this work is the Kalman filter. The discrete Kalman filter is a set of equations that define
an optimal recursive state estimator, as a solution to the linear data filtering problem([3],1).
The Kalman filter is used to combine sensor measurements corrupted by noise to obtain the
best (in a linear least squares sense) possible estimates of the system states. The Kalman
filter provides estimates of all four sensor states, however, we only concern ourselves with
x and y because those states indicate the position of the system.
xk = Axk−1 + Buk−1 + wk−1 (5.10)
zk = Hxk + vk (5.11)
For a system defined by 5.10 ([3],2), where A is the system state matrix, B is the system in-
put matrix, wk−1 is the process noise, which is assumed to have a normal distribution([3],2),
the measurement is defined by equation 5.11, where vk is the measurement noise, which is
also assumed to have a normal distribution([3],2). These two random variables are defined
by equations 5.12 and 5.13.
p(w) ∼ N(0, Q) (5.12)
p(v) ∼ N(0, R) (5.13)
In practice, the process noise covariance Q and the measurement noise covariance R ma-
trices might change with each time step or measurement. The process noise covariance
matrix is shown in equation 5.14. The measurement noise covariance matrix is shown in
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equation 5.15. In this work the process noise was chosen based on the suggestions pre-
sented in [3]. This is because, as stated in [3], actual determination of the process noise can
be complicated and advanced process noise modeling is beyond the scope of this work.
Q =

1e− 3 0 0 0
0 1e− 3 0 0
0 0 1e− 3 0
0 0 0 1e− 3
 (5.14)
The R matrix was determined by classifying the sensor error variances empirically through
trials. The data used for computing those variances is shown in appendix F.
R =

1.0787 0 0 0
0 0.001452 0 0
0 0 2.929 0
0 0 0 2.028
 (5.15)
The next state estimate is defined by
x̂k = x̂
−
k + Kk(zk −Hx̂
−
k ) (5.16)
where x̂−k is the previous known state estimate and Kk is the Kalman filter gain.





T + R)−1 (5.17)
where P−k is the a priori error covariance estimate and R is the measurement error covariance([3],2).
Welch and Bishop describe it in plain terms as such:
Another way of thinking about the weighting by Kk is that as the measurement
error covariance R approaches zero, the actual measurement zk is “trusted”
more and more, while the predicted measurement Hx̂−k is trusted less and less.
On the other hand, as the a priori estimate error covariance P−k approaches
zero the actual measurement zk is trusted less and less, while the predicted
measurement Hx̂−k is trusted more and more. ([3],4)
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This gives an intuitive description of the Kalman filter and it’s operation.
In order to apply the KF to this work each of the sensor readings had to be provided
to the aforementioned KF framework. The accelerometer provided acceleration readings
which were used as inputs to the system, which means the values were placed into the
u(k) vector. This is shown in equation 5.18, where Fx
m
is the x acceleration measurement
from the accelerometer and Fy
m
is the y acceleration measurement from the accelerometer.
Note that because of the variety of notations used in the literature with the Kalman filter
equations we state u(k) ≡ uk.





Similarly, the camera and RF measurements were provided as state measurements to the zk
vector as shown in equation 5.19, where ẋcam is the x velocity measurement from the cam-
era, ẏcam is the y velocity measurement from the camera, xrf is the x position measurement








This then defines the H matrix, shown in equation 5.20, so as to relate the camera and
accelerometer measurements to the appropriate system states.
H =

0 1 0 0
0 0 0 1
1 0 0 0
0 0 1 0
 (5.20)
Recall that equation 5.2 defines the x state as the x position of the system, the y state
as the y position of the system, the ẋ state as the x velocity of the system and the ẏ state as
the y velocity of the system.
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The Kalman filter provides the mathematically provable best combination of the sen-
sors information. By the best combination we mean that for a given loss function (a func-
tion which penalizes incorrect estimates) the expected value of the error is minimized.
Kalman himself notes that minimizing the expected estimation error is just one possible
objective([28],37). A full discussion of the required criteria and reasoning for the choice
of that loss function is beyond the scope of this work and may be found in [28].
The minimization of the average error is very desirable. It means, in plain terms, that
the system should be providing the estimate of our position which is closest to our actual
position based on the previous and current data. However, Kalman states that in order for
the estimation error to be minimized the error must be zero mean. The key point of this
is that in order to have the optimal estimate be a linear combination of all previous obser-
vations the error processes must be Gaussian. This is so that the random variable which
minimizes the average loss (and consequently the square of the error) may be explicitly
specified[28].
The assumption that the errors present will be Gaussian in nature deserves some atten-
tion. Noise and error within physical systems is typically caused by a number of different
sources. It can be shown that a number of independant random variables summed together
can be closely approximated by a Gaussian probability curve([23],8). On a strictly practical
level it is difficult to measure statistics about the noise and error beyond mean and variance.
Therefore, there is no better assumption than Gaussianness[23].
5.2.1 Handling Data from Multiple Sensors
The next major area of research to address is the combination of the individual localization
data. Given that the entire purpose of this work is to attempt to improve upon the existing
localization techniques, it is important to discuss some of the previous localization attempts
as well as the techniques that are involved in fusing the sensor data. First some clarifications
about terminology. The terms fusion, combination and hybridization refer to, as noted in
section 1.1.2, the usage of a framework, such as a Kalman filter, to integrate (combine)
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all the different sensor data([32],1). Cooperation is a slightly different idea that typically
refers to the use of one sensor to recalibrate another once that second sensor has passed a
given error threshold, as was done in [32].
Qi and Moore, in [24], present a simplified technique to integrate GPS and INS sens-
ing. As opposed to the typical extended Kalman filter, with its associated time-variant
covariance matrices, they use a “direct” Kalman filter, which is simpler. The novel part of
this technique is that all nonlinearities are removed by preprocessing the GPS and INS data
([24],1). In this work similar preprocessing is done only with the RF data as the accelerom-
eter is guarnteed to be linear within 1.25% over the whole input voltage range, although it
is typically linear within 0.2% [6]. The RF is preprocessed by fitting to a quadratic curve
to eliminate some of the time-variant effects. The INS measurements are represented in
dynamic form with feedback position and velocity measurements ([24],2). The GPS equa-
tions, which in our case will be representative of the RF equations as both techniques are
similar, are algebraic in nature. Qi and Moore also state that the Kalman filter, which is
typical of such sensor fusion problems, provides state estimates of position, velocity, GPS
clock errors (in our case this would be RF signal strength errors (RSSI errors)), and drift of
the INS ([24],2). Thus they develop a model to which the standard Kalman filter model is
applied (see [24],5).
Qi and Moore state in their simulated results that, “the proposed integration method
gives better performance than the first option, GPS resetting” ([24],6). GPS resetting is a
sensor coordination technique where the GPS is used to reset the information from the INS.
They claim that the advantage to this approach, and the same reason it is attractive for this
work is:
GPS preprocessed data are taken as measurement input ... INS preprocessed
data is taken as an additional information to the state prediction... The advan-
tage of this approach is that a simple and linear Kalman filter can be imple-
mented... ([24],7)
Simply put, the GPS system is similar to the RF system that we implemented and the
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Kalman filter framework presented in [24] provided a simple way to integrate the three
sensors in the system.
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Chapter 6
Experimental Setup and Results
6.1 Experiment Outline
The experiment in this work was designed with the idea that a localization system func-
tioning within a building would have an initial estimation of the system position provided
by GPS or another similar system. Alternatively, the starting position of the device might
be known by measurement from a common reference point, which would be the case with
many desirable ubiquitous systems. The iRobot Roomba 1 is one such system.
Any variety of localization system needs a (0, 0) reference point. The zero point, or
origin as it is sometimes called, is truly arbitrary but all pieces of the system must acknowl-
edge and agree upon that point. The other issue is that all measurements and estimates
must be converted into common units of measure. For this work the SI metric system was
chosen. Any units that were in feet or inches were converted to meters before their fusion
with the rest of the system.
Once common units and an origin point have been selected the first area of interest is
the stationary performance of the system at a know starting point. If the system cannot
correctly manage this steady-state condition then the positioning of a moving device will
be significantly impacted. A detailed analysis of the stationary case will be provided.
1The Roomba is a home robot built by the iRobot corporation. One of the more expensive models has a
home base to which it returns after vacuuming the surface it is on http://www.irobot.com
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6.2 Hardware Design and Implementation
Given that the goal of the system was to try and prove that a low-cost and ubiquitous lo-
calization system was feasible, the use of commonly available and inexpensive hardware
was paramount. The development of a small form factor integrated device was not investi-
gated due to time and equipment restraints. With that in mind, the following hardware was
implemented for each of the three sensing devices.
6.2.1 Software Support Platform
Perhaps the most major component of the system is the software to integrate and interpet
the data which is coming in from the sensors. The software needs a platform on which to
run. The chosen platform was a Dell Inspirion 600m laptop running Debian GNU/Linux.
The 600m provides a Pentium M 1.5GHz processor and the machine had 1.5GB of memory.
6.2.2 RF
The chosen RF hardware for this experiment was the 802.11b/g card that was included
with the laptop on which the software was running. The 802.11 interface card is the Intel
Pro/Wireless (IPW) 2000BG mini-pci card internal to the laptop. The IPW card provides
scanning support in Linux which allowed the detection and ranging of multiple access-
points. The antenna is internal to the laptop. No particular specifications were available on
the exact antenna that is used by Dell in the 600m.
6.2.3 Accelerometer
The accelerometer chosen for the system was an Analog Devices ADXL203 Low-G ac-
celerometer. The AXDL203 provides up to 2.5kHz of bandwidth and two-axis of sensing
via an analog output. Relevant excerpts from the datasheet are shown in appendix A. The
evaluation board, part number ADXL203EB, was purchased because it provided a single
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Figure 6.1: Accelerometer with 68HC12 Interface
in-line package (SIP) interface. The evaluation board included the output filtering capaci-
tors with the bandwidth set to 50hz. Relevant excerpts from the datasheet for the evaluation
board are shown in appendix B. The accelerometer was chosen because it offered a ±1.7g
range of operation. Given that the ADXL203 provides an X and Y analog output, a dig-
itizer was needed inorder to sample the data and provide it to the laptop. A Motorola
68EVB912B32 microcontroller board based on the Motorola 68HC12 (hc12) microcon-
troller was chosen because it was readily available from the RIT Computer Engineering
Department. The hc12 also has an RIT interface board which makes it easy to access the
i/o pins. The accelerometer interface assembly is shown in figure 6.1.
A small amount of assembly for the hc12 was written to read from the A/D and output
the raw values to the hc12 serial port. This allowed the laptop to read the acceleration
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Figure 6.2: Cannon VC-C4 Pan/Tilt/Zoom S-Video Camera
values. The data was sampled at approximately 30Hz to be compatible with the limitations
of the NTSC video signal.
6.2.4 Vision
The vision system consisted of the Canon VC-C4, shown in figure 6.2, network pan/tilt/zoom
camera connected to an AVerMedia AVerTv Cardbus frame grabber card. The VC-C4 has
a serial port interface that can be used to command the camera to move or zoom. The
AVerTv input card allowed the S-Video output from the camera to be digitized and fed into
the 600m. A datasheet for the VC-C4 is shown in appendix C. The AVerTv, shown in fig-
ure 6.3, is based on the saa7133 frame grabber chipset which has limited support in Linux.
An excerpt from the datasheet for the saa7133 is shown in appendix D. The driver only
permitted capture at 640x480 in 8 bit three channel RGB, however the captured image was
41
Figure 6.3: AVerMedia AVerTv Cardbus Frame Grabber
in grayscale as all three channels contained the same values. This was not considered a lim-
itation of the vision system as all images were downscaled and converted to 8 bit grayscale
before processing.
6.3 Software Design and Implementation
The most major component of the sensor system was the software. The software was re-
sponsible for reading and combining the individual readings into the Kalman filter frame-
work. Herein is a discussion of the modules involved in the software system and the im-
plementation details.
6.3.1 Tool Chain
The software is built on Linux utilizing a variety of freely available libraries. The soft-
ware is written in C++ using the Intel C/C++ compiler. The Intel C/C++ compiler has a
reputation for being able to achieve up to 20% better performance versus other compilers.
Intel also provides a set of performance enhanced libraries, namely the Intel Performance
Primitives (IPP) and the Intel Math Kernel Library (MKL). These libraries are optimized
for vector processing as well as other scientific and engineering applications.
The OpenCV library was also used to provide basic support routines and image pro-
cessing algorithms. OpenCV utilizes the IPP and MKL for it’s internal routines. Perhaps
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more importantly, OpenCV also provides basic data structures, such as matrices that can
be used for generic computations.
OpenCV also provides more advanced structures and operations designed to aid in im-
age processing, which was the original intent of the library. The reason OpenCV was
chosen is that it provides a clean interface to the Linux video capture system as well as a
trainable Haar classifier for object identification. OpenCV also happens to have a Kalman
filter framework.
The OpenCV graphical user interface (GUI) tools were very limited and did not sup-
port effective threading of the system, therefore the Gtkmm library was used for GUI and
threading support.
6.3.2 System Modules
The system was broken up into individual modules in order to permit modular design and
implementation as well as to ease debugging.
Accelerometer Interface
The physical ADXL203 package provides two axis ( X and Y ) of analog outputs between
0 and Vcc. The output is connected to channels 2 and 3 of the 68hc12 controller board as
described in section 6.2.3. The output of 0g is centered at Vcc/2, which is known as the zero
G bias voltage (V0). The acceleration is ratiometric to Vcc. The output is also guaranteed
to be linear between ±1.7g within about 4%. The system calibrates itself at startup based
on the rail voltage (Vcc) and the zero G bias voltage. This gives two points based on which







Notice the use of 0x3ff, which is the maximum reading that the 10 bit A/D on the 68hc12
can provide, while n0 is the zero G reading from the A/D. The Y intercept of the lineariza-
tion equation is provided by equation 6.2.
badc = V0 − (n0 ∗madc) (6.2)
The combination of madc and badc provides a way to convert the raw readings from the A/D
into an acceleration voltage. The conversion equation is shown in equation 6.3, where Vacc
is the voltage for a given acceleration and x is the reading from the serialized A/D.
Vacc = (madc)(x) + badc (6.3)
The next step is to convert the Vacc into an acceleration reading in g. The sensitivity, which
specifies how to convert the voltage into acceleration, is also dependant on rail voltage and
is computed at runtime. The sensitivity is computed from equation 6.4, 6.5 and 6.6 and is
in mV/g.





bsens = 883.5−msens(4750) (6.6)
The constants in equation 6.5 and 6.6 come from the data sheet for the ADXL203 and
represent the maximum and minimum values for the sensitivity based on the absolute max-
imum and minimum values of Vcc. Once the sensitivity is computed from equation 6.4, the
acceleration is computed from equation 6.7. The equations are the same for the X and Y
accelerations, but utilize the appropriate A/D reading.
a = 1000 ∗ Vacc − V0
sadc
(6.7)
Using equations 6.7, 6.3 and 6.4 allows the computation of the acceleration in mg.
The accelerometer uses a small amount of embedded code in the 68hc12 to do the initial
sampling. Given that the system was considered to approximate a human walking, which
is typically 1-3MPH, the setup therefore does not move rapidly the sampling time was
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Figure 6.4: The Accelerometer Display
approximately 50ms. Faster sampling times lead to excessive noise and saturated the serial
port bandwidth, with no benefit due to the performance of the vision system. The RS232
serial port on the laptop to which the accelerometer was connected was read regularly using
an A/D thread.
The A/D thread running in the sensor fusion system cached a reading internally and
made it available to the rest of the software system using internal locking to avoid data
corruption. The reading thread was free running to avoid missing samples from the 68hc12.
Another part of the accelerometer system was the Accelerometer display. The display,
while independent of the actual readings, provided a simple way to examine the readings
from the accelerometer. A picture of the accelerometer display is shown in figure 6.4.
Door Lock Identifier
The next major component of the sensor system was the vision system. The purpose of
the vision system was to identify objects of opportunity, specifically door locks, and to use
them to determine velocity. Door locks were chosen because of their natural and universal
nature. Just about every building in existence has doors, some of which have locks. In
staying with the idea of avoiding artificial infrastructure door locks were a natural choice.
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Conveniently, door locks also possess unique features which were easy for the object iden-
tifier to separate from the background. These features are especially apparent when prepro-
cessing with a Sobel filter.
The Sobel filter is a gradient operator which highlights regions of change in an image.
Visually, this has the effect of showing the edges of shapes. Mathematically, it is taking a
derivative. However, what differentiates a Sobel filter from a simple derivative filter is the
addition of some smoothing by giving a higher weight to the center pixel. This smoothing
has the effect of eliminating some of the high frequency noise present in the image which
allows the edge detection to perform better with noisy images. This filter was applied by
performing a 2d convolution of the image with the Sobel kernels. The convolution was
first performed with the matrix 6.8, which is the Sobel filter for the x direction. A second
convolution was then performed with the matrix 6.9, which is the Sobel filter for the y













As can be seen in figure 3.4 the door lock features were raised by the Sobel filter. A
Sobel filter is a commonly used edge detection filter, and because of the nature of the core
of a door lock being inset into the lock assembly there are relatively unique ’8’ shaped
edges which become pronounced in the filtered image. These pronounced edges make the
door lock significantly different from most other Sobel filtered images. Essentially, what
the preprocessing stage is trying to do is expose as much uniqueness as possible so that the
classifier has the best chance of successfully identifying a door lock.
By exposing a significant amount of uniqueness the Haar classifier is more easily able
to identify the object of interest. There is not an a-priori way to determine the success rate
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of a classifier cascade as it is dependent on the set of positive and negative input images.
However, the a-posteriori success rate computation from the trainer is discussed below with
the operation of the classifier.
In [33], a set of artificial landmarks are used in a known location and configuration,
which makes it possible to directly recover position from the images. However, in this work
one of the constraints was to use objects of opportunity. The chosen object of opportunity
was door locks. There were a variety of door locks that were available within the building
that the system was going to operate in. Given the nature of the door locks it is not possible
to determine absolute location directly.
The explanation of the need to use a relative localization system was simple. There
is no way to tell which door lock you are looking at as they are not unique from each
other. You could use your current position as an estimate but then you are not using sensor
fusion, that is sensor cooperation because the RF and accelerometer are providing location
information and the camera is correcting that estimate. Recall that for this work a sensor
fusion was chosen. Note that generally an absolute localization technique is preferable to a
relative technique because it provides information about where you are in the overall world,
not restricted to your frame of reference. Typically, getting position from a relative sensor
requires integration of the signal. As it is commonly known from control theory integrators
rapidly accumulate errors [8].
Here, due to the nature of the experiment and the environment, the camera system was
used for a relative localization technique. The OpenCV library includes an object iden-
tification framework based on Haar-like features. The identifier is based on the work of
Viola et al. as shown in [37]. In this paper Viola et al. suggest a new method for rapid
and accurate object detection. The key contribution of this technique is the use of an al-
ternative representation of the image known as The Integral Image. The integral image is
a mathematical reduction of the image that allows a faster computation of the image fea-
tures used for detection. The computation of the integral image is defined by equation 6.10







It is then possible to reduce the computational load using equations 6.11 and 6.12 where
s(x, y) is the cumulative row sum and s(x,−1) = 0 and ii(−1, y) = 0.
s(x, y) = s(x, y − 1) + i(x, y) (6.11)
ii(x, y) = ii(x− 1, y) + s(x, y) (6.12)
The reason Viola claims that the integral image is advantageous is that the sum of any
rectangle of image pixels can be computed using 4 array references within the integral
image, thus making the technique computationally viable.
In addition to the integral image the Haar classifier in OpenCV relies on the use of
features. The features are specifically referred to as Haar-like because of their similarities
to the Haar wavelet. Note that the features are not actually wavelets. The number of
features in the complete set of features is given by equation 6.13 where nf is the number
of features, xsw is the horizontal size of the sub-window and ysw is the vertical size of the
sub-window. Note that sub-window size and feature size are not equivalent or related other
than that the sub-window size provides bounds for the feature size.
nf = ((xsw)(ysw))
2 (6.13)
For this experiment a sub-window size of 20x20 was used on an image with a size of
320x240. Applying equation 6.13 gives a count of 160, 000, which is essentially the number
of possible locations times the number of possible sizes. The actual number of features is
much harder to determine analytically because the features must fit within the image and
the scale factor is chosen by the implementation. For this work the feature scale factor
was 2 based on the OpenCV implementation and the feature count is approximately 67074,
based on the information from the Haar trainer.
The features used by Viola et al. are very simple rectangular features. Originally, there
were only three types of features. However, the OpenCV implementation has extended that
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Figure 6.5: OpenCV’s Extended Haar Feature Set[13]
set to 14 distinct feature types as seen in figure 6.5. The value of a feature is the difference
between the white and shaded regions. Using the integral image this can be computed
rapidly because all the regions are rectangular.
Given that the complete set of features is so large Viola et al. notes:
Our hypothesis, which is borne out by experiment, is that a very small number
of these features can be combined to form an effective classifier. The main
challenge is to find these features([37],141).
The way he accomplishes this task is through the use of the AdaBoost procedure. Essen-
tially a combination of weak classifiers are weighted to extract the single features which
best separate the positive and negative samples. This is done by finding the features which
provide the lowest number of missclasifications. Once that is finished the number of image
sub-windows is still sufficiently large that it is prohibitive to use the selected set of features
over the whole image for each sub-window. Typically, the selected feature set is still in the
low hundreds. The solution to this problem is to use a cascade of classifiers which elimi-
nate large portions of the image by using simple features to reject negative regions. Then
progressively more complex classifiers (and hence those that use more features) are used
to achieve low false alarm rates.
One of the requirements of using the object classifier is that the classifier needs to
be trained before use. The training process consists of using a collection of positive and
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Figure 6.6: Example Positive Image
negative images. Negative images are images which do not contain the desirable objects.
Positive images are images which contain 1 or more of the desired objects. Objects of
interest in the positive images must be marked by hand so that the trainer knows the region
of interest.
For this work 8085 negative images were taken with a digital camera and the VC-C4
video camera. Additionally, 1398 positive images were taken with the VC-C4 and marked
with a tool that was written for this purpose.
A positive image is an image which contains one or more visually discernable door
locks. These images needed to have the area containing door locks marked with rectangular
regions so that the identifier could train itself. An example of a positive image which has
been marked and run through a Sobel filter is shown in figure 6.7. The raw version of the
image is shown in figure 6.6.
A negative image is essentially a background image. Any image which does not con-
tain an object one wishes to identify is considered a negative image. The choice of the
number of positive and negative images is somewhat arbitrary and is only dictated by the
required false alarm rate. Our required false alarm rate was 0.006%. This was based on
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Figure 6.7: Example Positive Image, Sobel filtered, Door Lock Marked
the computation that 6 false detection out of 100000 frames (or about 2 hours of video at
15fps) is acceptable. An example negative image is shown in figure 6.8. The same image
which has been Sobel filtered, as would be done by our object identifier, is shown in figure
6.9.
The Haar classifier was initially trained with unprocessed images. The assumption
was that a large sample of positive and negative images would cover the desired lighting
variations. However, this turned out to be not the case. The initial classifier failed to
identify the door locks successfully. Therefore, in an attempt to reduce the disinteresting
extraneous information in the raw images the classifier was trained a second time using
images that had been processed using a Sobel edge detector.
The Sobel edge detector caused the round edges and frames of the door locks to become
more pronounced and reduced the presence of extraneous background information in the
images. After retraining the classifier, a process which required 2-3 days of continuous
processing, the identifier was successful.
The resultant classifier for this work had 12 stages and the number of features used at
each stage is shown in table 6.1. A chart showing the progression of the feature counts
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Figure 6.8: Example Negative Image
Figure 6.9: Example Negative Image, Sobel filtered
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Figure 6.10: Classifier Feature Count per Stage
as the stage number increased is shown in figure 6.10. This chart reinforces one of Vi-
ola’s comments[37] that as the classifier increases in the number of stages that the number
of features required to discriminate an image as containing or not containing an object
also increases. After training the classifier provides performance statistics. This trainer
guarantees that an image containing a desirable object (door lock) will be correctly iden-
tified 95.85% of the time. The overall calculated false alarm rate for all the stages was
4.51682 × 10−5. The false alarm rate indicates that frames which do not contain a door
lock will only be misclassified as having a door lock about 0.00452% of the time. The
classifier training log is shown in appendix E. Further investigation of the Haar classifier
behavior can be found in [37].
Once the Haar classifier is trained there was a small amount of glue code that needed to
be implemented to allow the classifier to communicate with the threaded system framework
that we were using.
A fully object oriented inheritance hierarchy was implemented to allow smooth data
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Table 6.1: Haar Classifier Cascade Feature Counts
exchange between the camera and the various displays. The basic interface to the capture
device was represented by the CaptureDevice object. Each CaptureDevice may run in a
CaptureDeviceThread, which farms out frames to any other objects which request them.
This allows the CaptureDeviceThread to be free running and prevents the system from
missing frames if at all possible. If the system cannot process frames as fast as the camera
thread captures them the camera thread will buffer up to 5 frames and then drop extra
frames. The CaptureDeviceThread notifies its listeners using a list of Dispatchers. Once
a listener has received notification of a new frame the listener may request the frame at
its leisure. The capture thread will hold the current frame until all clients (listeners) are
finished processing.
Using the above framework the CvDoorKnobDisplay would receive frames from the
camera and perform Sobel filtering on them. After the Sobel filter the Haar classifier was
used on the frame and it provided a list of regions containing detected door knobs. The list
was passed to a Camera Vision Model which has an understanding of the motion model of
the camera. From the CameraVisionModel (CVM) the x and y velocities are provided to the
SensorFusion object(see 6.3.2). The theoretical model for the visual velocity localization














Table 6.2: Wireless Strength vs. Distance
RF Interface
The 802.11 sensor was embedded in the laptop. The IPW card received and decoded the
signal from the multiple access points. For this work only two access points were available
within the building of operation. The IPW driver for Linux provides a measure of the
quality of the link. The link quality is computed heuristically within the driver based on a
weighted combination of the link signal level and the link noise level. It was this value of
quality that was used to compute range based on the signal strength. An empirical model
of the range versus signal strength was created. The raw data table used to create the range
model is shown in table 6.2. This data was extremely time-variant due to multipath effects
and the variety of building materials between the detector and the accesspoint. The model
was mostly used to gather data within the building where the model was produced as the
signal propagation properties within different areas of the building are not guaranteed to be
consistent. The errors in the wireless system were perhaps the greatest source of hardship
in this work. The distance measurements are considered accurate within approximately 6in
due to the size of the cart. The procedure for taking a measurement will be discussed in
detail later.
After fitting a quadratic to the data using polyfit in Matlab the function for the above
data is shown in equation 6.14, where x is the signal quality from the network card and
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Figure 6.11: Wireless Distance Model
y is the estimated distance from the accesspoint in inches. The reason a quadratic model
was chosen is that electromagnetic radiation, which is the variety of waves that RF de-
vices produce and receive, fall off in intensity proportional to the square of the distance
away([26],489). However, note that the model used was the best (in a least-squares sense)
fit to the empirical data because that would take into account factors which are commonly
ignored in a theoretical model for reasons of computational complexity. Also note that, as
discussed throughout [26], RF and EM theoretical models depend on a-priori knowledge of
intrinsic device parameters, such as antenna shape, size, directionality, and transmit power
none of which were available. A full discussion of RF propagation effects is beyond the
scope of this work. For a rigorous discussion see [26].
0.314017x2 − 63.1824x + 3802.53 = y (6.14)
A plot of the data with error lines that show the standard deviation at each point is shown
in figure 6.11.
The WirelessRanger object ran a thread which read the range from the IPW card. Since
the model provided measurements in inches the thread converted the measurements into
meters. The RF model only provides a distance from the accesspoint to your current esti-
mated location. This means that for each accesspoint you can only determine your location
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on a circle which has a radius that is the distance from the wireless ranger. By computing
the circle intersections you can estimate your location. In order to uniquely determine your
location in 2 dimensions at least 3 circles are required. However, the more circles available
the better because noise in the system will prevent 3 circles from intersecting in only one
point. Therefore by using all available circles it is possible to estimate the actual position
based on the minimum error to a common point from all the circles, which is essentially a
least-squares technique. Something similar to this idea is used for GPS as shown in [36].
However, in our specific implementation only two accesspoints, and accordingly only 2
circles were available as that was the only infrastructure that existed within the building of
operation. This is a significant limitation of the system because two circles may relate to
each other in several different ways. Recall that this limitation is compatible with one of
our research criteria which was to investigate a system which uses existing infrastructure.
The first and most obvious issue with only using 2 accesspoints is when the circles don’t
intersect at all. This occurs with concentric circles which will never intersect unless they are
equal to each other, which cannot happen in our system because the centers of the circles
(locations of the accesspoints) are known and are not equal. The second case is where
the circles intersect in one point. This can only happen in our system if you are on the line
which is defined by the two center points of the circles. The third and final case is where the
two circles will intersect in two points, which is by far the most common situation. Given
that our system has the constraint of only having two accesspoints with known locations
which were consistently accessable within the building of operation provides the interesting
problem of identifying which of the two intersecting points you are currently located at.
This issue was solved by using a heuristic technique. The point which is closest to your
last known estimated position is used as your new measurement. This is only accurate for
systems which move slowly relative to the accesspoints, which is fine for our system. This
technique is also used in commercial GPS systems as discussed in [36]. The reason it is
theoretically valid is that the point which is discarded would cause the system to have a
ridiculous velocity. Given the relatively unpredictable nature of RF propagation within a
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Figure 6.12: System Controller Window
building the system was prone to dropouts and terribly noisy measurements.
In order to try and address the issue of noise and errors in the measurements which
were corrupting the Kalman filter the wireless system was configured to skew the ’trust’
in the filter when a dropout or invalid condition such as non-intersecting circles occurred.
Essentially, the filter continued operation without an updated measurement for that state.
The central issue is the robust management of sensor failure. While a full treatment of that
issue is beyond the scope of this work one technique which guarantees controller stability
when using a bias on the sensors is shown in [12]. While [12] discusses how to handle
sensor errors within control systems we can take the idea of using a bias against a failed (or
unavailable) device.
Once the estimated position was computed from the WirelessRanger the SensorFusion
read the updated value in a way similar to reading the value from the CameraVisionModel.
System Controller
The system controller provided a simple and easy to understand way of adjusting relevant
parameters. Currently, as seen in figure 6.12, the only adjustable parameters are related to
the accelerometer. The x and y offsets are provided to set the zero value as read from the
serial port because it is provided as an unsigned number and needs to be interpreted as a
signed number as direction is relevant. The voltage control function serves as a calibration
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to the A/D because the voltage to acceleration conversions are ratiometric with the Vcc seen
by the 68hc12. This is intended to be set by an external reading, such as with a multimeter.
The two buttons were provided for debugging purposes only.
Sensor Fuser
The SensorFusion object was the center of the system where all the information which was
gathered by the other objects came together. A pull-data model was used to obtain infor-
mation from other software subsystems where the sensor fuser would query subsystems as
required to obtain measurements. The sensor fuser wrapped the OpenCV implementation
of a Kalman filter and interfaced with the other system code as required to provide the
Kalman filter with the required system information. Details regarding the system model
which was implemented by the sensor fuser are discussed in section 5.1.
The sensor fuser was responsible for generating the measurement and system input/output
logs. These logs were the sensor readings and location data which was used to analyze the
performance of the system as seen in section 7.1.
6.3.3 Thread Intercommunication
The software system was designed to be aggressively multithreaded for performance and
data dependence reasons. At any given time in the system data needed to be read from the
camera capture card, the accelerometer needed to be sampled, the GUI events needed to be
handled, the wireless needed to be scanned, and the information needed to be aggregated
into the Kalman filter. These five different tasks describe the thread breakdown of the
system. Each of the five tasks required many steps which were independent of the rest
of the system. For example scanning the wireless took several hundreds of milliseconds
depending on the number of accesspoints. There is no reason that the GUI refresh thread
needed to wait for the wireless card.
Each of the tasks had reentrant hooks that allowed other threads to access appropriate
shared data without corrupting what the owner was currently updating. All the threads
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communicated via method calls in a shared memory architecture which is part of the Linux
threading interface. The exception to this is the GUI update interface. The CaptureDe-
viceThread did not run in the same thread as the GUI and therefore the GUI needed a way
to know that a new frame was available. Rather than using a typical callback, the Glibmm
library provided a Dispatcher object which would inform the GUI thread of an update.
The only setup required was that the GUI thread needed to register with the CaptureDe-
viceThread at creation. This provided a very clean generic interface to allow any number
of displays to register with any number of CaptureDeviceThread objects. The restriction
being that a CaptureDevice may have only one CaptureDeviceThread.
Unfortunately, the true power of the threading was not accurately represented in this
system due to the fact that the software platform only provided a single core processor that
did not support SMT. The object identifier clearly used a significant portion of the system
processing time and it would have been appropriate to have another processor core to take
advantage of.
6.4 Experimental Procedure
In any scientific experiment the reproducibility is paramount. In order to collect consistent
data which could be reproduced the data collection procedure and trial setup described
herein was used. The steps are described first as an enumerated process and then verbosely
discussed. Lastly, any differences between the procedure in the trials will be discussed.
1. Choose Location for Trial
The location for this experiment was Building 17 on the Rochester Institute of Tech-
nology campus. The choice of location was driven by the availability of a long hall
in which to operate the system.
2. Choose Path of Travel for System Cart
A path along which the cart was going to move was chosen in advance. The paths
chosen were one or two dimensional, but typically were one-dimensional. The reason
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for favoring one-dimensional motion is two fold. The first reason, going back to the
inspiration for this work, which is a ubiquitous localization device, is that people
do not tend to zig-zag as they move. People do travel on a two-dimensional plane,
but usually along one heading. Recall that herein we have decided not to consider
heading independently. Secondly, one-dimensional motion should allow for better
consideration of the data since it can be examined along an axis of motion as well
as a stationary axis, which should provide more insight into the performance of the
system. It is also considerably harder to measure precisely in two dimensions as
opposed to one dimension. Paths were restricted in length to approximately 15 meters
as the point of the research was to try and localize within 10 meters and a 15 meter
range of operation provides sufficiently relevant data to discuss the results in light of
the 10 meter criteria.
3. Choose Starting Point for System Cart
A starting point which was along one of the 0 axis was chosen in order to better
present the operation of the system. Knowing that the cart was along the one of the 0
axis made it possible to have a rough idea at a glance of the current estimation error.
The starting point was also chosen such that the maximum possible amount of room
was available.
4. Determine Actual Coordinates of Starting Point
The system, as previously discussed, was designed to use an initial guess. Therefore,
it was necessary to determine the actual position of the starting point. The starting
point was measured from the (0, 0) point using a tape measure. As a general proce-
dural note all actual measurements were taken with a tape measure to the center of
the top rear rail of the system cart. The center of the top rear rail was chosen because
of it’s proximity to both the center of mass of the cart and the wireless antenna which
was built into the laptop, which was seated on the top self of the system cart.
5. Position and Orient Cart at Starting Point
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The system cart was positioned at the determined starting point and aligned so that
the accelerometer axis were along the intended direction of travel. The camera was
always positioned to face parallel to the Y axis of the cart and perpendicular to the
x axis of the cart. The cart was always positioned so that the starting position had a
view of a door lock. This was done so that heading would not need to be considered.
Recall that heading is not considered here because much other research has focused
on handling rotational changes during navigation and that was not our focus.
6. Position Measuring Device along Path of Travel
In order to determine actual position while the system cart was moving along its
path of travel a tape measure was placed along that path of travel. In the event that
the chosen path of travel exceeded the abilities of the measure device (i.e. the tape
measure was too short) it was permissible to move the measuring device and continue
motion along the path.
7. Activate Localization System with Initial Position
At this stage the system was entirely setup for the trail which was about to be con-
ducted. Therefore, prior to beginning motion along the path the localization system
was activated. This involved ensuring that the camera and accelerometer were pow-
ered and then launching the software application. Recall that part of launching the
software application was providing the application with the system initial position.
8. Move System Cart along Path of Travel
The cart was moved along the path at a regular pace of approximately 16 centimeters
(6 inches) per second. Recall that the cart was moved manually. The operator was
responsible for ensuring that smooth and even force was applied to the cart so as to
prevent jerk.
9. Stop System Cart
The system cart was stopped at approximately 1 meter intervals.
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10. Record Estimated and Actual Position
At each stop the estimated postion and the actual postion were recorded. The local-
ization system was capable of providing measurement data in one of two ways. The
first method involved the display of the estimated position data on the terminal of
operation. This allowed the operator to capture a measurement when desired. When
using this first method measurements were captured manually at the desired sample.
Efforts were made to take a measurement at a consistent time after stopping the cart.
The second method was where the system logged all measurements. This method
was only useful during stationary trials as there is no way to coordinate actual posi-
tion with the recorded estimate as it is logged.
11. Repeat Steps 8 through 10 for the path
The steps were repeated until reaching the predetermined end of the path.
12. Deactivate Localization System
The software was shutdown after all the data had been collected.
6.4.1 Trial 1 Specifics
The first trial was a stationary trial. This trial was probably the most interesting trial and
will be discussed in detail later. What differentiates this trial from the others is that the
system did not have any external input forces applied to it, which from a control systems
point of view is known as the zero-input case. In terms described above the path was simply
a stationary (x, y) point with known location. In an ideal case a system with zero input has
a definite and known output and known states as described by the system model and initial
conditions.
The zero input condition is useful for several reasons. The first reason is that it allows a
characterization of the measurement noise. The second is that it permits some introspection
into the process noise. Lastly the zero-input condition allows some general expectations
for system performance to be examined.
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6.4.2 Trial 2 Specifics
The second trial was a simple linear path which followed the aforementioned procedure.
The purpose of this trial was to establish an expected level of performance of the system.
Trial 2 is the first full out evaluation of the success of the design and implementation of the
system as intended.
6.4.3 Trial 3 Specifics
The third trial was a more complicated path than the second trial. Its purpose was to
reinforce the results obtained within trial 2. This path allowed the cart to move in the y
direction as well as in the x direction. It’s purpose was to examine the operation of the
system in the prescience of 2d motion.
6.4.4 Trial 4 Specifics
Trial four was different from the other trials in that the system was not stopped at predefined
intervals and only stopped at the starting and ending points. The purpose of this trial was
to exclude any effects of allowing the system to become stationary.
6.4.5 Procedural Notes
Multiple test runs of all the trials were conducted. Data from these trials is not considered
as they were to establish confidence in the reproducibility of the data collection runs (i.e. to
debug the software). Note that overall reproducibility and evaluation of the system perfor-
mance was the goal, not the reproducibility of a particular path test. For this purpose the
four aforementioned tests are considered sufficient. Reasons for this choice will become





7.1.1 Initial System Testing
The system was implemented as individual modules. Once all the modules were success-
fully implemented and integrated into a Kalman filter a set of trials was run to evaluate the
performance of the localization system. Some tuning was required in order to characterize
the error of the sensors and thus accurately set the Q and R matrices of the Kalman filter.
This is discussed in detail in section 5.2. After the initial error classification a set of trials
were run.
7.1.2 Trials and Outcomes
The number and type of trials were determined by the initial performance of the system.
The first and most basic trial was the stationary trial.
Trial 1
The stationary trial allowed a classification of the zero input performance of the system.
This provides some insight into what the expected overall system performance should be.
It is really the most important trial that was run because it established what the limitations of
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the system were. The stationary trial was conducted by measuring an initial location from
the (0, 0) point with a tape measure. The location in inches was converted to metric and
input into the system. Given that it is known the system is stationary both the accelerom-
eter and the camera measurements should reflect that condition. The camera was setup
so that it was successfully identifying a door lock. Recall that the system would strongly
penalize (essentially ignore) the camera reading when no object was detected. A similar
technique was used when the system could not find two accesspoints. This is defined by
the practical circumstances in which the system functioned. The stationary performance
data is presented in aggregate form due to the significant amount of raw information. The
raw data may be seen in appendix G. The data in table 7.1 is promising that the system
will be able should be able to self-localize within a 6.84m x range and within a 3.967m y
range. However, given that the key source of position information when stationary was the
RF system it assumes that the RF model error will be constant as the system moves. As it
will be seen from the other two trials this was not the case. The RF system proved to be a
significant source of error and simply lacked the precision needed to obtain better position
estimates.
This result was pretty much exactly what was expected. More sophisticated techniques
such as TDOA yielded results in the 2.9-4.5m range for systems with 4 to 10 accesspoints
respectively [15]. Our setup was far more restricted because of the RSSI technique and the
use of only two accesspoints. Several years ago Krizman et al. investigated the use of signal
strength methods for localization within the cell network. They were expecting distance
estimates within a 125m area [16]. There are techniques such as in [18] which achieve
localization in the centimeter range but they rely on multiple transmitters and receivers,
which does not apply in our situation. According to [15] the expected range error bounds
for a system with 10MHz of bandwidth, which is comparable to 802.11b, should be 10m.
Recall that the overall goal was to try and obtain better than the expected 10m accuracy.
Our initial measurements support that goal. The next step was to move the system around
and determine if the system could localize itself.
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Actual X Position 9.91 m
Actual Y Position 0 m
Actual X Velocity 0 m/s
Actual Y Velocity 0 m/s
Average Estimated X Position 16.7488 m
Average Estimated Y Position 3.9469 m
Standard Deviation X Position 1.4317 m
Standard Deviation Y Position 0.9388 m
Average. Estimated X Velocity 0.01248 m/s
Average. Estimated Y Velocity -0.0032879 m/s
Std. Dev X Velocity 0.030292 m/s
Std. Dev Y Velocity 0.01587 m/s
Average RF X 15.2601 m
Average RF Y 4.1153 m
Standard Deviation RF X 3.2829 m
Standard Deviation RF Y 2.5121 m
Average Camera X Velocity -0.001257 m/s
Average Camera Y Velocity 0.00076076 m/s
Standard Deviation Camera X Velocity 0.35567 m/s
Standard Deviation Camera Y Velocity 0.03109 m/s
Average X Accel 0.006237 m/s/s
Average Y Accel -0.0023903 m/s/s
Standard Deviation X Accel 0.019043 m/s/s
Standard Deviation Y Accel 0.011938 m/s/s
Average X Error 6.8398 m
Average Y Error 3.94699 m
Standard Deviation X Error 1.4270 m
Standard Deviation Y Error 0.9388 m
Table 7.1: Stationary Aggregate Data
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Average X Error 3.626m
Average Y Error 7.651m
Standard Deviation X Error 2.787m
Standard Deviation Y Error 7.8331m
Table 7.2: Movement Aggregate Error Statistics
Trial 2
This trial tested the system over a simple translationary path. Essentially the system was
moved along only one dimension and data was collected. The data was only noted at
certain points as indicated in appendix H. The aggregate localization statistics are seen in
table 7.2. Here we begin to see the limitations of the RF system. As seen in the raw data
table, it clearly is the limiting factor in the precision of the system, at least over the short
range of testing. The average combined with one standard deviation is clearly larger than
ten meters which was the desired error bound. This is largely due to the use on only two
accesspoints as absolute reference points.
Trial 3
This trial was conducted to correlate the results from the first two trials and to see if further
tests would be required. This again was a simple translational motion but was conducted
starting further from the origin and the system was moved closer to it as opposed to further
away. The raw data is shown in appendix I. The aggregate error statistics are shown in
table 7.3. The problem herein was the computation of the velocities from the camera.
The camera velocities were very stable when the camera had focused and had a lock in
the frame. However, as seen by the large errors in this trial, tracking a lock proved to be
unreliable under any significant motion. The lock was not in the frame of the camera for
a sufficient period of time. This effect was not entirely unanticipated. In order to mitigate
that problem more sophisticated vision techniques such as motion or object tracking would
have had to be employed and that was beyond the scope of this work.
In addition to the camera error, the wireless card was not the most precise localizer.
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Average X Error 7.421m
Average Y Error 32.298m
Standard Deviation X Error 4.728m
Standard Deviation Y Error 11.8207m
Table 7.3: Movement Trial 2 Error Statistics
Average X Error 1.89m
Average Y Error 2.43m
Standard Deviation X Error 2.67m
Standard Deviation Y Error 3.41m
Table 7.4: Constant Movement Error Statistics
The large error here is indicative of many of the anticipated limitations of the system. The
original use of the camera was supposed to be as an absolute localizer, however, that proved
to be beyond the abilities of the system due to the way camera calibration requires known
3d structures and we did not want to impose artificial restrictions on the identified objects.
Therefore, the camera was relegated to computing system velocities based on the identified
objects. This was subject to noise inherent in the object identifier as well as situations where
it was not possible to identify objects, which is a point discontinuity. These style of non-
linearities were not anticipated at the conceptualization of the work and their mitigation is
beyond its scope. Even work such as [32] and [19] does not dwell on handling situations
where an object cannot be identified.
Trial 4
This trial was different from the previous ones. The system was not stopped at known
locations and sampled for data, but rather was continuously moved between two known
locations. This was to determine how the dynamic performance of the system was when
it did not have time to settle at the data points. Unfortunately, because the cart was not
stopped between the end points the locations of the sampled data between the end points
is not known, so only two points are used to compute the error statistics given in table
7.4. The raw data is in appendix J. What this final test indicates is that something clearly
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corrupted the data in the second run. The raw table indicates that it was probably a transient
problem with the object identifier that was not rejected adequately by the Kalman filter.
7.2 Discussion
Herein we examine the meaning and relevance of the results. We also aim to provide some
insight into where the specific results come from in light of much of the already presented
theory.
7.2.1 Points of Analysis
With any experiment, regardless of outcome, there are questions to be answered and data
to be examined. A discussion of what data was collected and how that data was analyzed
and why those methods were chosen will be presented herein.
For all the trials the actual and estimated positions were logged. Additionally, the raw
readings from each of the 3 sensors for both the x and y directions was logged. At any
stopping point, as described in the procedure, it is possible to see what the sensors were
reading and what the estimated position was. Due to the Kalman filtering the instantaneous
sensor values are not especially useful in relating to the position as they respresent only one
of many sampled values which was part of the position estimate that the filter provided.
The initial analysis of the data was simply relating the measured actual position against
the position estimate provided by the system.
ex = |xa − xe| (7.1)
ey = |ya − ye| (7.2)
The error of a single x position estimate is given by equation 7.1, where ex is the error
in that sample, xa is the actual position and xe is the estimate of that x position from the
system. The error of a single y position estimate is given by equation 7.2, where ey is the
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error in that sample, ya is the actual position and ye is the estimate of that y position from
the system.
Recall that we are interested in the performance of the system. This means how good
of a position estimate can we expect to get. In an ideal world we would know exactly
where we are, however this is not possible. Therefore, we need to examine how close we
are, which is what equations 7.1 and 7.2 tell us, for a given sample. However, this tells
us only how the system performed at a given time. We are more interested in drawing a
generalization of the expected performance of the system from that information.
In order to generalize and draw some conclusions from specific data we need a way
to aggregate that data so we can state some expectations. The methods chosen herein to
aggregate the error data and state some expectations were the statistical mean, and standard
deviation. The mean (or average) was chosen because it represents the expected value of a
particular set of data. In fact, in the mathematics literature the mean is frequently called the
expected value. Specifically, the expected value of a random variable is the mean of a set
of samples. In our research the mean of the error lets us know how much error we should






The mean is calculated as shown in equation 7.3, where x̄ is the mean, xk is a given error
for an estimate and N is the number of estimates recorded. The next aggregate chosen
was the standard deviation. The standard deviation represents how far from the average
do you expect to be. Herein that means if we actually are at a point (x, y) and the system
says we are at a point (x + ex, y + ey) that most of the time ex and ey will be in the range
[ex− sx, ex + sx] and [ey − sy, ey + sy]. Equation 7.4 shows the calculation of the standard







A more rigorous discussion of statistical analysis may be found in [7]. These choices should
given us a solid basis for stating both what the performance of the system was and would
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continue to be, as well as give us an idea of the bounds of the error within the system.
7.2.2 Sensors
As previously discussed the system used three sensors. As the reasons for the choice of
each sensor have already been addressed, this section addresses the individual performance
of each of the sensors. Additionally some theoretical basis for the expected performance is
introduced. Lastly some of the practical limitations are addressed.
Accelerometer
The first sensor to be addressed is the accelerometer. The ADXL203 had a bandwidth
of 50Hz and was sampled at 30Hz, for reasons previously discussed. The role of the ac-
celerometer was to measure the input to the system, which here was taken to be the acceler-
ation of the system. It was expected that the system would be subject only to relatively low
frequency accelerations. High-frequency information is undesirable. The reason is this, in
order for the cart to move a small constant force must be applied to overcome the rolling
resistance in the wheels. This is of course after the initial acceleration to bring the cart
up to the desired velocity. Our desire is to capture both these forces without any extrane-
ous noise. This initial ramp up and then the application of constant force to overcome the
rolling resistance is well demonstrated by a simulation of the model with a unit step input.
The unit step response of the model shown in equations 5.2 and 5.3 is shown in figure 7.1.
This figure should accurately track the step response of the physical system 1.
The step response from each input ( x and y axis ) to each output is shown. The flat
graphs indicate that there is no coupling between the x and y axis(i.e. the behavior of the
1The step response of the physical system is also infinite. Once the cart overcomes the static friction in
the wheels as long as an input force is present the cart will continue to accelerate. Therefore the position of
the cart will increase exponentially as a function of the acceleration. In physics this is referred to as an object
under constant acceleration. Actually modeling the physical system beyond the approximate theoretical
model (equation 5.2) would have required special equipment and is beyond the scope of this work. The
intuitive description herein is considered sufficient. Friedland includes a brief discussion of system modeling
in [8].
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Figure 7.1: System Model Step Response
system in one axis is independent of the behavior of the system on the other axis). As it
has been shown the desirable inputs in the system are low frequency in nature. The only
limitation of the sensor is that it due to the 30Hz sampling frequency that an acceleration
or deceleration could be missed, however, given the nature of the cart system this is not a
concern. The reason it is not a concern is that it is unlikely that the operator could change
the cart’s acceleration faster than 1
30
of a second, which would be the limit of how fast the
accelerometer could capture a measurement. This can be demonstrated by figure 7.2 where
the input has been sampled at 30Hz and the step response has been overlayed onto figure
7.1.
The expected magnitude of acceleration was certainly expected to be less than the 1.7g
limit of the accelerometer. The expected acceleration was calculated to be approximately
1m/s/s based on the idea that the operator would push the system about 1 meter per second
and would stride approximately once per second. This is approximately 0.1g and is well
within the sensitivity of the unit. Most importantly, as far as the error performance of the
accelerometer was concerned it was expected that the readings would be accurate within
±3mg with an expected output noise of 3mg as provided by the accelerometer datasheet[6].
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Figure 7.2: System Model Sampled Step Response
A further discussion of the expected behavior of an accelerometer in general may be found
in [8].
With regards to actual behavior of the accelerometer the largest accelerations which
were recorded were during trial 4, which makes sense given that the system was contin-
uously provided an input force. The magnitude of the largest recorded acceleration was
0.52m/s/s which is the same as 0.053g. This means that the choice of accelerometer was
appropriate and valid for this experiment and that the estimations of the system operation
were valid. The average error of the accelerometer was 0.002m/s/s, which is calculated
as the average of all the x and y measurements from the stationary data table. The standard
deviation was 0.015m/s/s as calculated from the same data. What this exposes is that
for the largest reading the error exposes an uncertainty of only 2.9% within one standard
deviation. However, it also points out that for smaller readings that error is more significant.
It is extremely complicated to draw more generalized statements from the accelerometer
because it is very hard to collect useful data about it as a lone unit for the simple reason
that the readings from the trials with motion are so close to both the noise floor and zero
that good and valid readings could accidentally be interpreted as noise. It is for this reason
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that the error was calculated from a static trial where the acceleration is known to be zero
and any non-zero readings are obviously errant.
Camera
The camera was used to track objects of interest in order to provide velocity information.
The reasons for choosing velocity and the function of the camera have been previously
addressed. Herein we discuss the expected performance of the camera and what the actual
data said about the performance of the camera.
The camera was constantly trying to identify objects in it’s field of view. The door
locks of interest were 2in square bounded objects. Object scaling was managed by the
camera model (section 3.2). Given the locks were a known size the distance to the object
could be approximated and as such the change in distance could be computed. The Haar
classifier would detect and display the bounding square around any detected objects. Due
to noise in the sensor two identical pictures of the object are not numerically identical,
while they may be semantically identical. These slight variations mostly come from small
lighting differences between captured frames. Due to these variations it was expected that
during stationary operation the Haar classifier would ’wobble’. This wobble is where the
classifier detects the door lock bounds in slightly different pixel locations during stationary
operation. It is considered part of the noise in the camera sensor. It is this wobble that
shows up as error in the velocity measurements.
The expected wobble for the system was around 5 to 10 pixels depending on the dis-
tance from the object. The impact this has on the velocity measurements depends on the
distance of the camera from the door lock. Recall that the camera model represents each
pixel of movement as having an associated distance value. As you move farther away from
the detected object it gets smaller in the frame (because of perspective effects) and as such
each pixel of movement corresponds to a larger real distance. The mathematical model for
this behavior has been previously discussed.
It is not especially useful to classify the pixel movement directly as it depends on too
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many factors (lighting, distance, focus, etc...). However, it is useful to classify the resultant
errors in the velocity measurements directly. As seen in table 7.1 the average x and y
velocity detected when the system was stationary was small, however the standard deviation
is significant. The standard deviation, especially in the x direction, is up to 33% of the
velocities we expected to see in the system.
What the camera research has exposed is that cameras are a special kind of sensor
because they have access to a wealth of information. That visual information can be used
for a variety of purposes. However, it was shown that the information, while consistent,
is not perfectly reproducible. Simply put the differences between identically framed and
focused pictures, due to environmental noise, limits the effectiveness of certain techniques.
In this work we have shown that it is possible to use a camera to extract velocity infor-
mation from images. While the technique was valid it was limited by the slight variations
in images. This is a result of the nature of the camera. A camera, by nature, provides spatial
domain (position) information. For reasons previously discussed it was not possible to use
that spatial information directly. The technique used here to compute velocity was equiva-
lent to taking a temporal derivative of the information. This has the effect of increasing the
error. Applying alternate visual techniques to eliminate the temporal derivative would be a
viable avenue of future work.
RF
The RF system used for this work was an 802.11b/g based infrastructure. The maximum
possible raw accuracy for a single 11Mbps infrastructure point has previously been dis-
cussed. Our technique was not based on data from the signal but rather the strength of the
signal itself, therefore it is much harder to classify. The wireless hardware was only capa-
ble of reading signal from 0-100% with 1% increments and then computed distance based
on the wireless model from equation 6.14. This model was only valid above a reading of
35% which is acceptable because the system was incapable of providing information about
a signal below that level. Since the model, like wave propagation, is non-linear discussing
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the expected performance is difficult. What can be said is this: The models accuracy within
a line of sight environment should at least be reproducible. The theoretical foundations of
RF propagation state that RF radiation falls off in intensity with the square of the distance.
Our model captures that behavior. The performance of the model when point linearizing
between a 95− 96% signal is 0.0814 meters. Applying the same idea between a 64− 65%
signal yields a resolution of 0.576 meters.
Now, operating under the premise that the model is valid the real issue arises with how
does one account for random RF effects present indoors. The two central issues worth dis-
cussion are multipath fading and material attenuation. Multipath fading is an effect where
the reflections of RF energy off of building materials causes multiple phase shifted versions
of the same signal to be received. These signals are often attenuated due to the phase differ-
ences. In our setup we rely on the strength of the signal for distance information, however
multipath effects can change the RSSI values depending on position. Similarly, as the sys-
tem cart was moved around the building there are different building materials between the
transmitter and the receiver, which have different attenuation properties. These two issues
are partially mitigated by the fact that the model was created in the building of operation
and some of the effects should be captured by the model.
The real test of the RF effects comes from the stationary trial where the errors in the
measurements can truly be seen. The average RF X and RF Y errors were 5.94 and 4.12
meters respectively. The standard deviations were 2.02 and 2.51 meters respectively. From
this it is clear to see that the RF subsystem was functioning well and that the model was
valid. What is exposed by this stationary evaluation is that the RF effects at one point in
the motion path are predictable and constant and that a model constructed in the presence
of these effects should be able to handle them adequately.
7.2.3 System Performance
Perhaps the most central component of this research was the use of a Kalman filter to try
and obtain the best results (position estimates) possible. In a perfect world ideal sensors
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would provide perfectly accurate and precise readings. This would, in our case, permit our
system to know exactly where it is at all times without any question. However, with real
sensors the measurements are corrupted by noise. It is this noise which prevents the system
from providing accurate estimates of our position.
Error Compensation
The impact of sensor signal noise can be easily seen in the discussion of the accelerometer.
The accelerometer is a very precise sensor, however, those precise measurements are cor-
rupted by a significant amount of noise. Therefore, we would like a way of characterizing
the noise so that we can compensate for it. After noise compensation we have an estimate
of the sensor signal which we feel to be more accurate than the raw signal. In this work it
is the Kalman filter which performs noise compensation for the sensor signals.
The mathematics behind the operation of the Kalman filter are discussed in section
5.2. Herein we want to discuss the operation of the filter in a manner directly related to
the operation of the system. The Kalman filter, when subject to the restrictions discussed
in section 5.2, can provide optimal state estimates with regard to almost any reasonable
criteria. The statement: “almost any reasonable criteria” refers to the statistical nature of
the criteria used to define the best estimate. Mathematically the criteria is a loss function
subject to the restrictions in equations 7.5 through 7.7.
L(0) = 0 (7.5)
L(ε2) ≥ L(ε1) ≥ 0 when ε2 ≥ ε1 ≥ 0 (7.6)
L(ε) = L(−ε) (7.7)
For this work the estimation criteria (loss function) for the Kalman filter was the mean-
square error, as previously stated. A rigorous discussion of why this loss function is de-
sirable is found in [28]. A simple explanation is that the choice of the mean-square error
loss function allows the minimum average loss (and hence the optimal estimate) to be de-
termined with less restrictions on the error distribution.
78
After examining the error variance of each of the sensors in the previous sections when
looking at the overall system error it is clear that the Kalman filter improved the estimates.
However, the overall system error and especially the error standard deviation was very high.
In order to expose the value of this research some comments on why this was the case are
in order. The Kalman filter weights the uncertainty of the measurements against the uncer-
tainty of the model in order to provide the best estimate. However, it relies on linear and
consistent behavior to provide that best estimate. Specifically, as stated, white, Gaussian
noise properties. Certainly, the Kalman filter did not make the system performance worse.
However, certain events transpired which were not well managed by the Kalman filter.
Points of Note
One aspect of the research, which was not anticipated at inception, was how to manage
sensor failure. Essentially, the Kalman filter will provide the best estimates possible based
on updated inputs and measurements, however, what will the filter do if measurements are
not available.
Two of the systems’ sensors, the RF and the camera were prone to drops outs during
the dynamic (motion) trials. Drop outs refer to places where the RF sensor could not
acquire a signal from the accesspoints or where the camera could not successfully identify
a door lock. With these types of behavior the sensors are not able to provide any valid
information and in fact may corrupt the system with invalid information. What’s worse
and what the KF began to display was that a point discontinuity (failure) is an inherently
non-linear behavior. What happens is that you have infinite error with infinite standard
deviation, which is a blatant violation of the expectations of the KF. Handling this variety
of non-linearities are well beyond the scope of this work. However, in order for the system
to function at all there were some ad-hoc techniques employed. The algorithm employed
when a drop-out was detected is described below.
1. Penalize measurements from the sensor by penalizing the appropriate error covari-
ance in the R matrix.
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2. Hold the last known good sensor reading and allow the filter penalty to perform it’s
task.
3. Restore the R matrix to its original state when the sensor readings are available.
The first step upon detecting a drop-out was to adjust the R matrix in the KF to heavily
penalize the measurement from the sensor. An example of the modified R matrix penalizing
the RF measurement is shown in equation 7.8. The value of 9999 was chosen so as to
be several orders of magnitude greater than the actual error variances. In effect this was
telling the KF to ignore the measurement and trust the model. The second step was to at
least sanitize the data coming from the sensor so that it would not wildly corrupt the data
with 0 readings. The data from a sensor with a drop-out was sanitized by holding the last
known good value and relying on the filter penalty to manage the rest. Similarly, when the
sensor became available again the R matrix was restored. The nominal (restored) R matrix
is shown in equation 5.15.
Rmod =

1.0787 0 0 0
0 0.001452 0 0
0 0 9999 0
0 0 0 9999
 (7.8)
7.3 Future Work
The question of how one improves upon their work is not an easy one. This is not because
of how small the question is, but rather how broad. The first point of improvement would
be to use an extended Kalman filter (EKF). This would require no significant changes to
the system and would provide an interesting comparison. Currently, the system relied on
sensor error variances which were precomputed based on static trials. However, in the
dynamic trials non-linear behavior which was not seen in the static trials became apparent.
Herein this was managed by adjusting the R filter matrix to a near infinite uncertainty for
the appropriate sensor. This in and of itself is a primitive adaptive technique. The next step
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would be to investigate more complicated adaptive techniques where the Q and R matrices
evolve as the system operates. Welch and Bishop begin to talk about non-linear systems
and time-variant Q and R in [3].
The system also took measurements from each of the sensors and fed them into the
KF synchronously. That is to say that the KF would only take measurements as fast as
the slowest sensor. This has been previously justified, however, it would be interesting to
research the behavior of the KF when asynchronous information is available and how the
filter would behave in light of a lack of readings from some or all of the sensors. This
would allow each of the sensors to take readings as fast as they are capable and provide
that information to the filter. This would probably involve some variety of adaptive KF H
matrix.
Other places for future work would be to apply more advanced techniques to each of
the sensors. The camera could be modified to use a map-based system based on artificial
landmarks placed around the building. It is also possible to use any other combination
of map or map-less techniques, all of which could be integrated by the KF. A technique
utilizing unique external references allows the camera to become an absolute positioning
sensor which has advantages as previously discussed. Another small point of research
could be the application of lighting invariant preprocessing techniques to determine the
effects of lighting variations on the operation of the system. This could be merged with a
color vision system and the additional usefulness of the color information evaluated.
The accelerometer could be augmented with gyroscopes into a full INS or could be
used in a gyroscope free configuration such as was done in [27]. Even more simply a more
expensive and precise accelerometer could be purchased for a simple comparison. Another
area of research could be the effects of accelerometer bandwidth limitations. The choice
of our bandwidth was dictated by system and accelerometer parameters, investigating the
effects of different low-pass filter capacitors and/or sampling intervals could be valuable.
Finally, the wireless system could be augmented with additional accesspoints. The
802.11b/g system could be replaced with a Zigbee or Bluetooth based system or even a
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UWB based solution. Certainly if custom hardware was an option then TDOA techniques
could be investigated. Multiple receivers then open up the system to techniques like those
in [18].
In this work the sensors and their error characteristics were handled by the system KF
directly. It would be interesting future work for each of the sensors to be modeled and
prefiltered by individual KFs before being integrated by the system KF. This would serve
to provide the system KF with optimal estimates of each of the sensor values.
One of the paramount motivations of this research was the use of existing infrastructure
within the building where the system would operate. This also proved to be one of the
greatest performance limitations. The ability to add unique reference points to the building
would provide additional location information. One such technique that comes to mind
would be the application of RFID tags at key positions. These tags could be read with a
very short range RFID reader. It would be interesting for future work to evaluate the cost
versus benefit of adding infrastructure for a localization system.
7.3.1 Recommendations
This work explored some of the aspects of self-localization using sensor fusion. However,
certain avenues of exploration, which would provide opportunities for the expansion of this
work, were left largely unaddressed. Therefore, the following recommendations are made
should this work ever be continued.
The camera system, which was used to compute velocity, did not employ any object
motion tracking or optical flow algorithms. One recommendation for further work would
be the implementation an object tracking or optical flow algorithm. This algorithm would
still be used to compute velocity and would be compared with the already completed work.
This would provide further insight into the effects of the camera velocity measurements on
the positioning system.
Another recommendation for further work is the application of a feasible configuration
of accelerometers [27]. The work would include the design and implementation of several
82
configurations of accelerometers and would examine the performance of each one against
the system created in this work.
One final recommendation of further work is the research of software-based RF local-
ization enhancements. Specifically, it would be interesting to investigate how the perfor-
mance of an RF (802.11) based self-localization system could be improved by using only
a customized software infrastructure. In this work only the RSSI information was utilized
because the accesspoint was not customized. Customizing the software in the accesspoint
could allow more sophisticated RF techniques to be employed while still keeping infras-
tructure costs low.
Overall, the work discussed herein presents an interesting look at some of the founda-
tions of the low-cost self-localization problem. The above recommendations are just some
of the possible points for further exploration. As people continue to want more and more
functionality in a smaller and more mobile package the interest in this area of work will
likely continue to thrive.
7.4 Conclusion
When this work was at its inception it was poised to provide an ambitious look at some of
the most well studied areas in the field of localization. There are countless publications in
all of the areas relevant to this research. Computer vision is an area of continual research in
both industry and academia and cameras show great promise for continued improvement as
a sensing device. Accelerometers have been around for more than 30 years and their uses
and limitations are well studied. Gimballed navigational grade INS platforms have been
used for localization purposes with excellent success. Wireless systems have been around
since the days of Faraday and Maxwell and the modern cell phone network is strongly
indicative of the proliferation of ubiquitous computing devices in today’s society. Add
into the mix the new wave of hybrid cellular/WiFi devices such as the Palm Treo. The
lines between computer and cell phone continually become less distinct. As smart devices
83
become more pervasive within our world the revisitation of old issues and areas of research
with these new motivations becomes vital.
This revival of the localization problem with new constraints was the inspiration for this
work. The goal of this work was to evaluate how well a localization system could function
with stringent constraints. The system needed to be slated for indoor use. Consumer grade
localization outdoors using GPS is typically sufficient for most uses. Customers requir-
ing higher precision can resort to the more expensive and complicated DGPS. Therefore,
looking at indoor localization problem, where GPS is not usable was the first constraint.
The next issue, as with any system, was the cost. In order to keep costs to a minimum
no custom devices were to be used. All parts were off the self. As an additional part of this
constraint only existing infrastructure was used. This means that no additional accesspoints
were purchased for use in this system. An accesspoint already in possession was used for
convenence.
The last constraint was mechanical in its concerns. This work presents itself as a proof
of concept in the idea of using existing or low cost commodity devices and does not concern
itself with the mechanical integration of the system.
In light of these goals and constraints a multi-sensor self localization system was con-
structed. The system utilized a Camera to provide velocity information based on the iden-
tification of natural landmarks. An accelerometer provided acceleration information and
an 802.11b/g received provided location estimates. These sensors were selected because of
their low-cost and their availability as well as the variety of information they provide.
A localization system was built using the aformenetioned sensors and was placed on
a cart for testing. The sensor system on the cart was modeled using a linear state-space
model. The state-space model allowed the sensors to be fused using a discrete Kalman
filter.
Several trials were conducted to evaluate the performance of the Kalman filter based
localization system. It was hoped that the system would provide localization results within
10 meters and for most of the trials the average error was within that quantity. However, one
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of the trials had an average error greater than 30 meters. This is explained by the behavior
of the camera system and the non-linearities present when the camera cannot identify an
object. This phenomenon was unanticipated during the initial research for this work and is
almost completely ignored in most other work. However, this occurrence does not in any
way invalidate this work. The overall average position error obtained for all the trials was
8.26m, which is better than the originally intended 10m. However, it is only fair to mention
that this depends on the particular situation in which the system is functioning, as was seen
in the trial which suffered from significant dropouts within the camera system. The overall
standard deviation of the position error was 4.45m. Examining the system behavior in
light of the standard deviation we note that the system could perform worse than the 10m
expectation quite frequently.
The next point of interest is how this result compares with other work that has been
done in the area of localization. One of the most interesting pieces of work to compare
with is the TDOA RF localization presented in [15]. They were able to obtain better than
3m accuracy but it required the use of 10 accesspoints and custom hardware so they could
use a TDOA technique. Another intersting experiment was shown in [18]. They achieved
very high accuracy, in the centimeter range. However, this required multiple transmitters
and receivers. The survey shown in [4] focuses exactly on the problem we were looking
at. They discuss a variety of techniques with a variety of costs and accuracies which range
between 300m and 1mm. Some of the vision based techniques as seen in [19] achieve
results in the centimeter range, but required custom landmarks not native to the building.
Clearly, to state conclusively if we were successful purely on accuracy would be to lose
sight of the problem we examined.
What this investigation demonstrated is that more sensors are not always better. A KF
may provide optimal estimates, but it is still only making the best of a bad situation. As
such one good sensor can easily replace three poor sensors. Additionally, it is clear from
the other results presented that the preparation of an infrastructure for localization provides
significant advantages, which is in contrast to this work where existing infrastructure was
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exclusively used. It was also shown that a system which strives to be simple and low-cost
can achieve results similar to systems with larger degrees of complexity.
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This appendix shows the manufacturer’s data sheet for the accelerometer which was used




Precision ±1.7 g Single-/Dual-Axis
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FEATURES 
High performance, single-/dual-axis accelerometer  
on a single IC chip 
5 mm × 5 mm × 2 mm LCC package 
1 mg resolution at 60 Hz 
Low power:  700 µA at VS = 5 V (typical) 
High zero g bias stability 
High sensitivity accuracy 
–40°C to +125°C temperature range 
X and Y axes aligned to within 0.1° (typical) 
BW adjustment with a single capacitor 
Single-supply operation 
3500 g shock survival 
RoHS-compliant 
Compatible with Sn/Pb- and Pb-free solder processes  
APPLICATIONS 
Vehicle dynamic control (VDC)/electronic stability program 
(ESP) systems 




Alarms and motion detectors 
High accuracy, 2-axis tilt sensing 
GENERAL DESCRIPTION 
The ADXL103/ADXL203 are high precision, low power, 
complete single- and dual-axis accelerometers with signal 
conditioned voltage outputs, all on a single, monolithic IC.  
The ADXL103/ADXL203 measure acceleration with a full-scale 
range of ±1.7 g. The ADXL103/ADXL203 can measure both 
dynamic acceleration (for example, vibration) and static 
acceleration (for example, gravity).  
The typical noise floor is 110 μg/√Hz, allowing signals below 
1 mg (0.06° of inclination) to be resolved in tilt sensing 
applications using narrow bandwidths (<60 Hz). 
The user selects the bandwidth of the accelerometer using 
Capacitor CX and Capacitor CY at the XOUT and YOUT pins. 
Bandwidths of 0.5 Hz to 2.5 kHz may be selected to suit the 
application. 
The ADXL103 and ADXL203 are available in 5 mm × 5 mm × 



















































This appendix shows the datasheet for the ADXL203 evaluation board (ADXL203EB).
The ADXL203EB contains an ADXL203 accelerometer and output filtering capacitors.
The board has a 0.1in spaced pin header for easy physical interfacing.
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GENERAL DESCRIPTION 
The ADXL203EB is a simple evaluation board that allows quick 
evaluation of the performance of the ADXL203 dual axis ±1.7 g 
accelerometer. The ADXL203EB has a 5-pin 0.1 inch spaced 
header for access to all power and signal lines that the user can 
attach to a prototyping board (breadboard) or wire using a 
standard plug. Four holes are provided for mechanical attach-
ment of the ADXL203EB to the application. 
The ADXL203EB is 20 mm × 20 mm, with mounting holes set 
15 mm × 15 mm at the corners of the PCB. 
CIRCUIT DESCRIPTION 
The schematic and parts list of the ADXL203EB are shown in 
Figure 1. Analog bandwidth can be set by changing capacitors 
C2 and C3. See the ADXL203 data sheet for a complete descrip-
tion of the operation of the accelerometer. 
The part layout of the ADXL203EB is shown in Figure 2. The 
ADXL203EB has two factory-installed 100 nF capacitors (C2 
and C3) at XOUT and YOUT to reduce the bandwidth to 50 Hz. 
Many applications require a different bandwidth, in which case 
the user can change C2 and C3, as appropriate. 
SPECIAL NOTES ON HANDLING 
The ADXL203EB is not reverse polarity protected. Reversing 
the +V supply and ground pins can cause damage to the 
ADXL203. 
Dropping the ADXL203EB on a hard surface can generate 
several thousand g of acceleration and might exceed the data 











































Figure 2. ADXL203EB Physical Layout 
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Canon VC-C4 Camera Datasheet
This appendix shows the manufacturer’s data for the Canon VC-C4. The Canon VC-C4 is
the pan/tilt/zoom camera which was selected for this work.
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10 / 3 0 / 2 0 06 http://www.usa.canon.com/consumer/cont...hSpecsAct&fcategoryid=158&modelid=7402 # 1
Consumer Products Home :: Network Video Solutions :: Analog Pan/Tilt/Zoom Cameras ::
VC-C4 :: Specifications
VC-C4
Network Video Solution Camera
Item Code VC-C4: 4671A001
Video Standard NTSC
Total Number of Pixels 410,000 (380,000 effective pixels)
TV Line 460 TV L
Minimum Illumination 6 lux (2 lux at gain-up mode)
SNR 48 dB




Focus Length 4 to 64mm, f/1.4 to 2.8
Zoom 16x
Pan Angle +/- 100° (+/- 170° VC-C4R)
Pan Speed 1 to 90°/sec (+10°, -90° VC-C4R)
Tilt Angle +90/-30°
Tilt Speed 1 to 70°/sec
Menu Mode by Super Impose Camera setting, Display setting, etc.
Preset Position 9 Positions
Controllable # by One IR 9 Units
Cascade Control 9 Units 
Control RS232 Serial, RTS/CTS has to be active (up to 19.2 kbps)
Power 13V, 12W
Size (W x D x H) Inches 4 x 4.48 x 3.58
Weight 0.83 lbs. (375 grams)





© 2006 Canon U.S.A., Inc. All rights reserved. Duplication in whole or in part without permission is
prohibited. 
Privacy Statement  :: Terms of Use  :: Site Map :: Online Security
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Appendix D
Phillips SAA7133 Video Chipset
The frame grabber used for this work was the AVerMedia AVerTV Cardbus. The AVerMe-
dia AVerTV Cardbus utilizes the Phillips SAA7133 video chipset. The specifications for
the SAA7133 are shown in this appendix.
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Philips Semiconductors Product specification




• Power supply: 3.3 V only
• Power consumption of typical application: 1.35 W
• PCI-bus Power Management Interface Specification,
rev. 1.1, compliant (supported states: D0, D1, D2
and D3-hot)
• Power-down state (D3-hot): <20 mW
• All interface signals 5 V tolerant
• Reference designs available
• Software Development Kit (SDK) for Windows
(95, 98, NT, 2000 and XP), Video for Windows (VfW),
Windows Driver Model (WDM) and Broadcast Driver
Architecture (BDA).
1.2 TV video decoder and video scaling
• All-standards TV decoder: NTSC, PAL and SECAM
• Five analog video inputs: CVBS and S-video
• Video digitizing by two 9-bit ADCs at 27 MHz
• Sampling according ITU-R BT.601 with 720 pixels/line
• Adaptive comb filter for NTSC and PAL, also operating
for non-standard signals
• Automatic TV standard detection
• Three level Macrovision copy protection detection
according to Macrovision detect specification Rev.1
• Control of brightness, contrast, saturation and hue
• Versatile filter bandwidth selection
• Horizontal and vertical downscaling or zoom
• Adaptive anti-alias filtering
• Capture of raw VBI samples
• Two alternating settings for active video scaling, e.g. for
independent capturing and preview definition
• Output in YUV or RGB
• Gamma compensation, black stretching.
1.3 TV sound decoder and TV audio I/O
• BTSC and EIAJ TV sound decoder
• dbx-TV Noise Reduction decoding for BTSC systems
• FM radio stereo decoding
• Input of analog SIF signal and 8-bit ADC at 24.576 MHz
• Automatic sound standard detection
• Automatic dematrixing (stereo, dual)
• Volume, balance, bass and treble control
• Automatic Volume Levelling (AVL)
• Incredible Mono, Incredible Stereo
• Audio sampling clock can be locked to video frame rate
(no drift of audio stream against video stream)
• Four analog audio baseband inputs (two stereo pairs)
and on-chip stereo ADCs
• Supported audio sampling rates: 32, 44.1 and 48 kHz
• Input of external audio reference clock, e.g. 24.576 MHz
• Output of audio master clock (768 × fs, 512 × fs, 384 × fs
or 256 × fs selectable).
1.4 PCI and DMA bus mastering
• PCI 2.2 compliant including full Advanced Configuration
and Power Interface (ACPI)
• 3.3 and 5 V compliant
• System vendor ID, etc. via I2C-bus EEPROM
• DMA bus master write for video, audio, VBI and
TS or PS
• Configurable PCI FIFOs, graceful overflow recovery
• Packed and planar video formats, overlay clipping
• Hardware support for virtual addressing by Memory
Management Unit (MMU).
1.5 Peripheral interface
• I2C-bus master interface: 3.3 and 5 V compatible,
100 and 400 kHz mode
• The device can operate without PCI-bus (using I2C-bus)
for stand-alone applications, application note available
• Digital video output: ITU, VIP, VMI and ZV formats
• Two digital audio outputs: I2S-bus for up to 4 channels
• Analog stereo audio output
• Integrated analog audio pass-through
• Support for analog audio loop back cable to sound card
• TS input: serial or parallel
• MPEG elementary or program stream input, parallel
• General purpose I/O, e.g. for strapping and interrupt
• Propagate reset and ACPI state D3.
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Appendix E
Haar Classifier Training Data
This appendix shows the log from the Haar classifier training. In this work a Haar classifier
was used to detect door locks. In order for the classifier to work it must first be trained
with a set of positive and negative images. For this training 1398 positive images and 8085
negative images were used.
As each stage completes training the log file indicates the stage number as well as
the number of features which the resultant classifier will use for that stage. Various other
statistics such as training time are provided.
At the conclusion of the training the log file indicates the overall statistics for the clas-
sifier. These statistics provide some information on the expected performance of the clas-
sifier. These expectations are discussed in section 6.3.2.
Script started on Sun Jul 2 14:13:29 2006
opencv-haartraining -data data/cascade/ -vec data/sobel_
_pos.vec -bg negative_filelist.txt -npos 1398 -nneg 8085
-mem 1300 -mode ALL -w 20 -h 20
Data dir name: data/cascade
Vec file name: data/sobel_pos.vec




Num splits: 1 (stump as weak classifier)
Mem: 1300 MB
Symmetric: TRUE
Min hit rate: 0.995000







Max num of precalculated features: 23957
Applied boosting algorithm: GAB
Error (valid only for Discrete and Real AdaBoost): misclass
Max number of splits in tree cascade: 0
Min number of positive samples per cluster: 500






Number of features used : 67074
Parent node: NULL
*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 0.00
Precalculation time: 81.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.970709| 1.000000| 1.000000| 0.074984|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.543083| 1.000000| 1.000000| 0.074984|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-0.851920| 0.997139| 0.188149| 0.051044|
+----+----+-+---------+---------+---------+---------+
Stage training time: 366.00
Number of used features: 3
Parent node: NULL
Chosen number of splits: 0









*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 1.00
Precalculation time: 80.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.798328| 1.000000| 1.000000| 0.103860|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.536420| 1.000000| 1.000000| 0.103860|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-0.907380| 0.998565| 0.453294| 0.066949|
+----+----+-+---------+---------+---------+---------+
Stage training time: 366.00
Number of used features: 3
Parent node: 0
Chosen number of splits: 0









*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 2.00
Precalculation time: 81.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.894231| 1.000000| 1.000000| 0.222516|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.303938| 1.000000| 1.000000| 0.222516|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-1.434088| 1.000000| 0.639627| 0.169879|
+----+----+-+---------+---------+---------+---------+
| 4| 69%|+|-1.434046| 0.999282| 0.687950| 0.129951|
+----+----+-+---------+---------+---------+---------+
| 5| 68%|-|-1.077372| 0.995690| 0.367453| 0.081445|
+----+----+-+---------+---------+---------+---------+
Stage training time: 546.00
Number of used features: 5
Parent node: 1
Chosen number of splits: 0








*** 1 cluster ***




















BACKGROUND PROCESSING TIME: 6.00
Precalculation time: 80.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.520064| 1.000000| 1.000000| 0.158068|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.245369| 1.000000| 1.000000| 0.077545|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-0.848099| 1.000000| 0.855147| 0.173279|
+----+----+-+---------+---------+---------+---------+
| 4| 87%|+|-0.994517| 1.000000| 0.855147| 0.173279|
+----+----+-+---------+---------+---------+---------+
| 5| 87%|-|-1.348240| 0.995671| 0.569308| 0.091161|
+----+----+-+---------+---------+---------+---------+
| 6| 82%|+|-1.477306| 0.995671| 0.571553| 0.091373|
+----+----+-+---------+---------+---------+---------+
| 7| 72%|-|-1.201889| 0.997114| 0.439052| 0.074992|
+----+----+-+---------+---------+---------+---------+
Stage training time: 794.00
Number of used features: 7
Parent node: 2
Chosen number of splits: 0








*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 12.00
Precalculation time: 80.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.662320| 1.000000| 1.000000| 0.307233|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-0.389670| 0.997106| 0.780155| 0.120440|
+----+----+-+---------+---------+---------+---------+
| 3| 81%|-|-0.818658| 0.997106| 0.780155| 0.187220|
+----+----+-+---------+---------+---------+---------+
| 4| 81%|+|-0.955888| 0.999276| 0.784284| 0.187220|
+----+----+-+---------+---------+---------+---------+
| 5| 81%|-|-1.394827| 0.996382| 0.678554| 0.091316|
+----+----+-+---------+---------+---------+---------+
| 6| 82%|+|-1.302054| 0.995658| 0.520395| 0.101878|
+----+----+-+---------+---------+---------+---------+
| 7| 74%|-|-1.519608| 0.998553| 0.481231| 0.079475|
+----+----+-+---------+---------+---------+---------+
Stage training time: 790.00
Number of used features: 7
Parent node: 3
Chosen number of splits: 0








*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 28.00
Precalculation time: 81.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.676359| 1.000000| 1.000000| 0.271047|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.266769| 1.000000| 1.000000| 0.119551|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-1.052667| 1.000000| 0.876316| 0.285791|
+----+----+-+---------+---------+---------+---------+
| 4| 80%|+|-1.237171| 0.997826| 0.808396| 0.107372|
+----+----+-+---------+---------+---------+---------+
| 5| 83%|-|-0.972292| 0.997101| 0.601378| 0.176923|
+----+----+-+---------+---------+---------+---------+
| 6| 69%|+|-1.199191| 0.997101| 0.619925| 0.092735|
+----+----+-+---------+---------+---------+---------+
| 7| 70%|-|-1.510813| 0.998551| 0.603133| 0.138889|
+----+----+-+---------+---------+---------+---------+
| 8| 68%|+|-1.515281| 0.995652| 0.471429| 0.089103|
+----+----+-+---------+---------+---------+---------+
Stage training time: 903.00
Number of used features: 8
Parent node: 4
Chosen number of splits: 0








*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 29.00
Precalculation time: 98.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.434541| 1.000000| 1.000000| 0.143133|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-0.556572| 1.000000| 1.000000| 0.234120|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-1.245744| 1.000000| 1.000000| 0.130258|
+----+----+-+---------+---------+---------+---------+
| 4|100%|+|-1.116974| 1.000000| 0.862195| 0.132725|
+----+----+-+---------+---------+---------+---------+
| 5| 88%|-|-0.944629| 1.000000| 0.677951| 0.212876|
+----+----+-+---------+---------+---------+---------+
| 6| 72%|+|-0.672994| 0.995633| 0.457463| 0.124893|
+----+----+-+---------+---------+---------+---------+
Stage training time: 746.00
Number of used features: 6
Parent node: 5
Chosen number of splits: 0








*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 43.00
Precalculation time: 86.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.673136| 1.000000| 1.000000| 0.322341|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.064703| 1.000000| 1.000000| 0.322341|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-1.345682| 1.000000| 1.000000| 0.244315|
+----+----+-+---------+---------+---------+---------+
| 4| 77%|+|-1.076507| 0.997076| 0.735179| 0.227826|
+----+----+-+---------+---------+---------+---------+
| 5| 77%|-|-1.200836| 0.995614| 0.655417| 0.146999|
+----+----+-+---------+---------+---------+---------+
| 6| 88%|+|-1.218308| 0.996345| 0.622045| 0.080720|
+----+----+-+---------+---------+---------+---------+
| 7| 72%|-|-1.250043| 0.996345| 0.404121| 0.079858|
+----+----+-+---------+---------+---------+---------+
Stage training time: 812.00
Number of used features: 7
Parent node: 6
Chosen number of splits: 0








*** 1 cluster ***



















BACKGROUND PROCESSING TIME: 118.00
Precalculation time: 84.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.473602| 1.000000| 1.000000| 0.261763|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-0.663962| 1.000000| 1.000000| 0.261763|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-1.185883| 1.000000| 1.000000| 0.273229|
+----+----+-+---------+---------+---------+---------+
| 4|100%|+|-1.440203| 0.995598| 0.886958| 0.277664|
+----+----+-+---------+---------+---------+---------+
| 5| 81%|-|-1.334809| 0.995598| 0.714920| 0.212223|
+----+----+-+---------+---------+---------+---------+
| 6| 74%|+|-1.380736| 0.996332| 0.776453| 0.176420|
+----+----+-+---------+---------+---------+---------+
| 7| 70%|-|-1.257521| 0.996332| 0.653641| 0.151650|
+----+----+-+---------+---------+---------+---------+
| 8| 69%|+|-1.213575| 0.996332| 0.545801| 0.165711|
+----+----+-+---------+---------+---------+---------+
| 9| 67%|-|-1.425274| 0.995598| 0.599213| 0.101244|
+----+----+-+---------+---------+---------+---------+
| 10| 65%|+|-1.417803| 0.995598| 0.558361| 0.094105|
+----+----+-+---------+---------+---------+---------+
| 11| 63%|-|-1.385896| 0.995598| 0.483507| 0.102326|
+----+----+-+---------+---------+---------+---------+
Stage training time: 1153.00
Number of used features: 11
Parent node: 7
Chosen number of splits: 0









*** 1 cluster ***


















BACKGROUND PROCESSING TIME: 247.00
Precalculation time: 83.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.270098| 1.000000| 1.000000| 0.126901|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-0.785524| 1.000000| 1.000000| 0.126901|
+----+----+-+---------+---------+---------+---------+
| 3|100%|-|-0.827684| 0.998526| 0.878935| 0.378314|
+----+----+-+---------+---------+---------+---------+
| 4| 89%|+|-1.410892| 0.996315| 0.906206| 0.257605|
+----+----+-+---------+---------+---------+---------+
| 5| 81%|-|-1.278411| 0.995578| 0.763604| 0.179922|
+----+----+-+---------+---------+---------+---------+
| 6| 79%|+|-1.177766| 0.996315| 0.663821| 0.131030|
+----+----+-+---------+---------+---------+---------+
| 7| 76%|-|-1.321194| 0.996315| 0.551548| 0.137223|
+----+----+-+---------+---------+---------+---------+
| 8| 71%|+|-1.212639| 0.996315| 0.537021| 0.137983|
+----+----+-+---------+---------+---------+---------+
| 9| 72%|-|-1.023278| 0.996315| 0.441315| 0.095611|
+----+----+-+---------+---------+---------+---------+
Stage training time: 1004.00
Number of used features: 9
Parent node: 8
Chosen number of splits: 0









*** 1 cluster ***


















BACKGROUND PROCESSING TIME: 537.00
Precalculation time: 83.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.400671| 1.000000| 1.000000| 0.234351|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.042194| 1.000000| 1.000000| 0.208833|
+----+----+-+---------+---------+---------+---------+
| 3| 88%|-|-0.934283| 0.998521| 0.948964| 0.153217|
+----+----+-+---------+---------+---------+---------+
| 4| 95%|+|-1.281484| 0.999260| 0.962906| 0.197165|
+----+----+-+---------+---------+---------+---------+
| 5| 75%|-|-1.507065| 0.995562| 0.790100| 0.259433|
+----+----+-+---------+---------+---------+---------+
| 6| 75%|+|-1.497260| 0.997041| 0.848171| 0.227481|
+----+----+-+---------+---------+---------+---------+
| 7| 75%|-|-1.451102| 0.997041| 0.787286| 0.185932|
+----+----+-+---------+---------+---------+---------+
| 8| 71%|+|-1.319515| 0.995562| 0.689818| 0.158015|
+----+----+-+---------+---------+---------+---------+
| 9| 72%|-|-1.608870| 0.995562| 0.744820| 0.148092|
+----+----+-+---------+---------+---------+---------+
| 10| 69%|+|-1.463496| 0.995562| 0.616014| 0.145583|
+----+----+-+---------+---------+---------+---------+
| 11| 67%|-|-1.461048| 0.995562| 0.580711| 0.135115|
+----+----+-+---------+---------+---------+---------+
| 12| 65%|+|-1.491564| 0.995562| 0.551931| 0.126281|
+----+----+-+---------+---------+---------+---------+
| 13| 63%|-|-1.313825| 0.995562| 0.485290| 0.093675|
+----+----+-+---------+---------+---------+---------+
Stage training time: 1332.00
Number of used features: 13
Parent node: 9
110
Chosen number of splits: 0








*** 1 cluster ***


















BACKGROUND PROCESSING TIME: 1116.00
Precalculation time: 81.00
+----+----+-+---------+---------+---------+---------+
| N |%SMP|F| ST.THR | HR | FA | EXP. ERR|
+----+----+-+---------+---------+---------+---------+
| 1|100%|-|-0.670838| 1.000000| 1.000000| 0.448302|
+----+----+-+---------+---------+---------+---------+
| 2|100%|+|-1.028709| 1.000000| 1.000000| 0.268127|
+----+----+-+---------+---------+---------+---------+
| 3| 90%|-|-1.108879| 0.998514| 0.965956| 0.243373|
+----+----+-+---------+---------+---------+---------+
| 4| 84%|+|-0.894906| 0.996285| 0.827724| 0.257174|
+----+----+-+---------+---------+---------+---------+
| 5| 78%|-|-1.145878| 0.996285| 0.776850| 0.232530|
+----+----+-+---------+---------+---------+---------+
| 6| 76%|+|-1.153224| 0.996285| 0.758993| 0.186966|
+----+----+-+---------+---------+---------+---------+
| 7| 74%|-|-1.164155| 0.995542| 0.704137| 0.203943|
+----+----+-+---------+---------+---------+---------+
| 8| 73%|+|-1.231116| 0.995542| 0.709789| 0.171851|
+----+----+-+---------+---------+---------+---------+
| 9| 72%|-|-1.312512| 0.995542| 0.687179| 0.168018|
+----+----+-+---------+---------+---------+---------+
| 10| 70%|+|-1.371944| 0.995542| 0.690647| 0.180832|
111
+----+----+-+---------+---------+---------+---------+
| 11| 70%|-|-1.299524| 0.995542| 0.637590| 0.150931|
+----+----+-+---------+---------+---------+---------+
| 12| 68%|+|-1.481680| 0.995542| 0.651850| 0.145016|
+----+----+-+---------+---------+---------+---------+
| 13| 66%|-|-1.279624| 0.995542| 0.573099| 0.155641|
+----+----+-+---------+---------+---------+---------+
| 14| 66%|+|-1.371073| 0.995542| 0.587873| 0.123330|
+----+----+-+---------+---------+---------+---------+
| 15| 65%|-|-1.213264| 0.995542| 0.520427| 0.149507|
+----+----+-+---------+---------+---------+---------+
| 16| 65%|+|-1.344430| 0.995542| 0.514132| 0.137568|
+----+----+-+---------+---------+---------+---------+
| 17| 62%|-|-1.353390| 0.995542| 0.487667| 0.129354|
+----+----+-+---------+---------+---------+---------+
Stage training time: 1661.00
Number of used features: 17
Parent node: 10
Chosen number of splits: 0








*** 1 cluster ***


















BACKGROUND PROCESSING TIME: 2472.00
Required leaf false alarm rate achieved. Branch training terminated.



























BACKGROUND PROCESSING TIME: 2479.00
opencv-haartraining -data data/cascade -vec data/sobel_
_pos.vec -bg negative_filelist.txt -npos 1398 -nneg 8085
-mem 1300 -mode ALL -w 20 -h 20 -nstages 14
Data dir name: data/cascade
Vec file name: data/sobel_pos.vec




Num splits: 1 (stump as weak classifier)
Mem: 1300 MB
Symmetric: TRUE
Min hit rate: 0.995000






Max num of precalculated features: 23957
Applied boosting algorithm: GAB
Error (valid only for Discrete and Real AdaBoost): misclass
Max number of splits in tree cascade: 0
Min number of positive samples per cluster: 500

















| 0| 1| 2| 3| 4| 5| 6| 7| 8| 9| 10| 11|
+---+---+---+---+---+---+---+---+---+---+---+---+
0---1---2---3---4---5---6---7---8---9--10--11
Number of features used : 67074
Parent node: 11
*** 1 cluster ***


















BACKGROUND PROCESSING TIME: 1909.00
Required leaf false alarm rate achieved. Branch training terminated.
Total number of splits: 0
114
Appendix F
Sensor Error Classification Data
This appendix shows the raw sensor data log. This particular log was used to ascertain
the sensor error characteristics. The characteristics of interest were the mean and standard

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This appendix shows the raw sensor data log. This particular log was used to ascertain the
stationary performance of the system. The characteristics of interest were the mean and
standard deviation of the error.
120
Actual X Actual Y Est x  Est y  Est x_dot  Est y_dot Rf X err RF Y Err  cam x_dot  cam y_dot
9.91 0 9.91 0 0 0 0 1.49 9.91 1.49 0 1.49 0 0
9.91 0 9.91 0 -4.90E-005 0 8.9 7.76 1.01 7.76 0 0 0 0
9.91 0 9.75 0 -0.05 6.09E-006 8.9 7.76 1.01 7.76 -0.4 0 0.05 0
9.91 0 9.62 0 -0.01 6.57E-006 8.9 7.76 1.01 7.76 -0.4 0 0.05 0
9.91 0 9.63 0 0.03 6.34E-006 8.9 7.76 1.01 7.76 0 0 0.05 0
9.91 0 9.66 0 0.06 5.89E-006 8.9 7.76 1.01 7.76 0 0 0.05 0
9.91 0 9.75 0 0.07 5.43E-006 8.9 7.76 1.01 7.76 0.35 0 0.05 0
9.91 0 9.84 0.01 0.08 5.05E-006 8.9 7.76 1.01 7.76 0.35 0 0 0
9.91 0 9.89 0.01 0.05 4.74E-006 8.9 7.76 1.01 7.76 -0.36 0 0 0
9.91 0 9.93 0.01 0.03 4.51E-006 8.9 7.76 1.01 7.76 -0.36 0 0 0
9.91 0 9.95 0.01 0.02 4.35E-006 8.9 7.76 1.01 7.76 0 0 0 0
9.91 0 9.97 0.01 0.01 4.24E-006 8.9 7.76 1.01 7.76 0.37 0 0 0
9.91 0 9.98 0.01 0.01 4.16E-006 8.9 7.76 1.01 7.76 0.37 0 0 0
9.91 0 10.9 0.25 0.01 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 11.6 0.46 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 12.16 0.65 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 12.61 0.83 0 9.09E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 12.99 0.99 0 -0.01 16.91 4.6 7 4.6 0.38 -0.01 0 0
9.91 0 13.3 1.13 0 -0.01 16.91 4.6 7 4.6 0.38 -0.01 0 0
9.91 0 13.57 1.26 0 0 16.91 4.6 7 4.6 -0.69 0.01 0 0
9.91 0 13.8 1.39 0 0 16.91 4.6 7 4.6 -0.69 0.01 0 0
9.91 0 14.01 1.51 0 0 16.91 4.6 7 4.6 0.64 -0.01 0 0
9.91 0 13.96 1.51 0 -0.01 13.2 1.61 3.29 1.61 0.64 -0.01 0 0
9.91 0 13.92 1.51 0 0 13.2 1.61 3.29 1.61 -0.33 0.01 0 0
9.91 0 13.88 1.52 0 0.01 13.2 1.61 3.29 1.61 -0.33 0.01 0 0
9.91 0 13.84 1.53 0 0 13.2 1.61 3.29 1.61 0 0 0 0
9.91 0 13.81 1.53 0 0 13.2 1.61 3.29 1.61 0 0 0 0
9.91 0 13.78 1.53 0 -0.01 13.2 1.61 3.29 1.61 0.38 -0.01 0 0
9.91 0 13.75 1.53 0 0 13.2 1.61 3.29 1.61 -0.36 0.01 0 0
9.91 0 13.73 1.54 0 0.01 13.2 1.61 3.29 1.61 -0.36 0.01 0 0
9.91 0 13.71 1.55 3.40E-005 0 13.2 1.61 3.29 1.61 0.36 -0.01 0 0
9.91 0 13.69 1.54 0 -0.01 13.2 1.61 3.29 1.61 0.36 -0.01 0 0
9.91 0 13.92 1.79 0 0 19.6 10.82 9.69 10.82 -0.33 0.01 0 0
9.91 0 14.13 2.03 -1.63E-005 0.01 19.6 10.82 9.69 10.82 -0.33 0.01 0 0
9.91 0 14.33 2.26 0 0 19.6 10.82 9.69 10.82 0.36 -0.01 0 0
9.91 0 14.52 2.47 0 -0.01 19.6 10.82 9.69 10.82 0.36 -0.01 0 0
9.91 0 14.69 2.67 0 0 19.6 10.82 9.69 10.82 0 0.01 0 0
9.91 0 14.86 2.87 0 0 19.6 10.82 9.69 10.82 0 -0.01 0 0
9.91 0 15.01 3.05 0 -0.01 19.6 10.82 9.69 10.82 0 -0.01 0 0
9.91 0 15.16 3.23 0 0 19.6 10.82 9.69 10.82 0 0.01 0 0
9.91 0 15.12 3.21 0 0.01 14.01 2.32 4.1 2.32 0 0.01 0 0
9.91 0 15.09 3.2 0 0 14.01 2.32 4.1 2.32 0 0 0 0
9.91 0 15.06 3.18 5.58E-005 0 14.01 2.32 4.1 2.32 0 0 0 0
9.91 0 15.03 3.16 -3.16E-005 0 14.01 2.32 4.1 2.32 0 0 0 0
9.91 0 15 3.14 0 6.39E-005 14.01 2.32 4.1 2.32 -0.39 0 0 0
9.91 0 14.97 3.13 0 1.08E-005 14.01 2.32 4.1 2.32 -0.39 0 0 0
9.91 0 14.94 3.11 0 -6.49E-006 14.01 2.32 4.1 2.32 0.34 0 0 0
9.91 0 14.92 3.1 0 -1.20E-005 14.01 2.32 4.1 2.32 0.34 0 0 0
9.91 0 14.9 3.08 0 -0.01 14.01 2.32 4.1 2.32 0 -0.01 0 0
9.91 0 14.88 3.06 3.39E-005 -0.01 14.01 2.32 4.1 2.32 0 -0.01 0 0
9.91 0 14.87 3.05 0 -0.01 14.01 2.32 4.1 2.32 -0.36 0.01 0 0
9.91 0 14.87 3.05 0 0 14.01 2.32 4.1 2.32 -0.36 0.01 0 0
9.91 0 14.87 3.04 0 0 14.01 2.32 4.1 2.32 0 0 0 0
9.91 0 14.87 3.04 0 0 14.01 2.32 4.1 2.32 0.36 -0.01 0.05 0
9.91 0 14.89 3.04 0.04 0 14.01 2.32 4.1 2.32 0.36 -0.01 0.05 0
9.91 0 14.94 3.04 0.06 0 14.01 2.32 4.1 2.32 -0.35 0.01 0.05 0
9.91 0 15.01 3.04 0.07 0 14.01 2.32 4.1 2.32 -0.35 0.01 0.05 0
9.91 0 15.09 3.04 0.08 0 14.01 2.32 4.1 2.32 0.35 -0.01 0.05 0
9.91 0 15.18 3.04 0.09 0 14.01 2.32 4.1 2.32 0.35 -0.01 0.07 0
9.91 0 15.32 3.09 0.11 0.01 16.95 4.85 7.04 4.85 -0.36 0.01 0.07 0
9.91 0 15.48 3.13 0.12 0.01 16.95 4.85 7.04 4.85 -0.36 0.01 0.07 0
9.91 0 15.64 3.17 0.13 0 16.95 4.85 7.04 4.85 0 0 0.07 0
9.91 0 15.8 3.21 0.14 0 16.95 4.85 7.04 4.85 0 0 0.07 0
9.91 0 15.97 3.24 0.14 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 16.1 3.27 0.09 -0.01 16.95 4.85 7.04 4.85 0.35 -0.01 0 0
9.91 0 16.19 3.29 0.05 -0.01 16.95 4.85 7.04 4.85 0.35 -0.01 0 0
9.91 0 16.24 3.32 0.03 0 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.29 3.35 0.02 0.01 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.25 3.33 0.01 0 13.89 1.99 3.98 1.99 -0.37 0 0 0
9.91 0 16.2 3.31 0.01 0 13.89 1.99 3.98 1.99 -0.37 0 0 0
9.91 0 16.16 3.29 0 -0.01 13.89 1.99 3.98 1.99 0.32 -0.01 0 0
9.91 0 16.11 3.26 0 0 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 16.07 3.24 0 0 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 16.02 3.22 0 0.01 13.89 1.99 3.98 1.99 -0.37 0.01 0 0
9.91 0 15.98 3.2 0 0.01 13.89 1.99 3.98 1.99 -0.37 0.01 0 0
9.91 0 15.94 3.19 0 0 13.89 1.99 3.98 1.99 0.73 -0.01 0 0
9.91 0 15.9 3.16 0 -0.01 13.89 1.99 3.98 1.99 0.73 -0.01 0 0
9.91 0 15.73 3.12 0 0 7.68 0.65 2.23 0.65 -0.73 0.01 0 0
9.91 0 15.57 3.08 0 0 7.68 0.65 2.23 0.65 0.33 0 0 0
9.91 0 15.42 3.04 0 0 7.68 0.65 2.23 0.65 0.33 0 0 0
9.91 0 15.27 3 0 0 7.68 0.65 2.23 0.65 -0.36 0 0 0
9.91 0 15.12 2.97 0 5.27E-006 7.68 0.65 2.23 0.65 -0.36 0 0 0
9.91 0 14.98 2.93 0 -2.73E-005 7.68 0.65 2.23 0.65 0 0 0 0
9.91 0 14.84 2.9 0 -3.76E-005 7.68 0.65 2.23 0.65 0 0 0 0
9.91 0 14.71 2.86 0 -4.05E-005 7.68 0.65 2.23 0.65 0.32 0 0 0
9.91 0 14.58 2.83 0 -4.11E-005 7.68 0.65 2.23 0.65 0.32 0 0 0
9.91 0 14.58 2.83 0 -2.53E-005 7.68 0.65 2.23 0.65 0 0 0 0
9.91 0 14.58 2.83 0 -1.57E-005 7.68 0.65 2.23 0.65 0 0 0 0
9.91 0 14.58 2.83 0 -9.87E-006 7.68 0.65 2.23 0.65 0 0 0 0
9.91 0 14.58 2.83 -7.46E-005 -6.37E-006 7.68 0.65 2.23 0.65 0 0 0 0
9.91 0 14.58 2.83 -4.70E-005 -4.27E-006 7.68 0.65 2.23 0.65 0 -0.01 0 0
9.91 0 14.58 2.83 -3.01E-005 -3.01E-006 7.68 0.65 2.23 0.65 0 0.01 0 0
 rf x  rf y  accel x (m/s/s)  accel y (m/s/s)
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Actual X Actual Y Est x  Est y  Est x_dot  Est y_dot Rf X err RF Y Err  cam x_dot  cam y_dot rf x  rf y  accel x (m/s/s)  accel y (m/s/s)
9.91 0 14.58 2.83 -1.98E-005 -2.25E-006 7.68 0.65 2.23 0.65 0 0.01 0 0
9.91 0 14.58 2.83 0 -1.80E-006 7.68 0.65 2.23 0.65 -0.34 0 0 0
9.91 0 14.58 2.83 0 -1.53E-006 7.68 0.65 2.23 0.65 -0.34 0 0 0
9.91 0 14.59 2.84 7.26E-005 1.82E-005 15.41 3.24 5.5 3.24 0.35 0 0 -0.05
9.91 0 14.61 2.83 0 -0.02 15.41 3.24 5.5 3.24 0.35 0 0 -0.05
9.91 0 14.62 2.82 -5.42E-005 -0.03 15.41 3.24 5.5 3.24 -0.33 0 0 -0.05
9.91 0 14.64 2.79 0 -0.03 15.41 3.24 5.5 3.24 -0.33 0 0 -0.05
9.91 0 14.65 2.77 0 -0.03 15.41 3.24 5.5 3.24 0 0 0 -0.05
9.91 0 14.67 2.74 0 -0.03 15.41 3.24 5.5 3.24 0.36 0 0 0
9.91 0 14.68 2.73 0 -0.01 15.41 3.24 5.5 3.24 0.36 0 0 0
9.91 0 14.7 2.73 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 14.71 2.74 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 14.71 2.74 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 14.71 2.74 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 14.71 2.74 9.02E-005 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 14.71 2.73 5.53E-005 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 14.71 2.73 0 -9.08E-005 15.41 3.24 5.5 3.24 -0.37 0 0 0
9.91 0 14.71 2.73 0 -5.55E-005 15.41 3.24 5.5 3.24 -0.37 0 0 0
9.91 0 14.71 2.73 -7.45E-005 -3.39E-005 15.41 3.24 5.5 3.24 0.31 -0.01 0 0
9.91 0 14.71 2.73 0 -2.07E-005 15.41 3.24 5.5 3.24 0.31 -0.01 0 0
9.91 0 14.71 2.73 0 -1.26E-005 15.41 3.24 5.5 3.24 0 0.01 0 0
9.91 0 14.72 2.73 0 -0.01 15.28 2.78 5.37 2.78 0 -0.01 0 0
9.91 0 14.73 2.72 0 -0.01 15.28 2.78 5.37 2.78 0 -0.01 0 0
9.91 0 14.74 2.72 0 0 15.28 2.78 5.37 2.78 -0.35 0.01 0 0
9.91 0 14.75 2.72 0 0.01 15.28 2.78 5.37 2.78 -0.35 0.01 0 0
9.91 0 14.76 2.73 0 0 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 14.77 2.73 0 0 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 14.78 2.73 0 0 15.28 2.78 5.37 2.78 0.37 0 0 0
9.91 0 14.79 2.74 0 9.19E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 14.8 2.74 0 3.07E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 14.81 2.74 0 1.38E-005 15.35 3.03 5.44 3.03 -0.33 0 0 0
9.91 0 14.82 2.75 0 8.13E-006 15.35 3.03 5.44 3.03 -0.33 0 0 0
9.91 0 14.83 2.75 0 6.23E-006 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 14.84 2.75 0 5.55E-006 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 14.84 2.76 0 5.27E-006 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 14.85 2.76 0 5.13E-006 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 14.86 2.77 0 5.03E-006 15.35 3.03 5.44 3.03 0.37 0 0.1 0
9.91 0 14.91 2.77 0.07 4.95E-006 15.35 3.03 5.44 3.03 -0.69 0 0.1 0
9.91 0 15.01 2.77 0.12 4.88E-006 15.35 3.03 5.44 3.03 -0.69 0 0.1 0
9.91 0 15.18 2.8 0.15 2.46E-005 16.91 4.6 7 4.6 0.7 0 0.1 0
9.91 0 15.36 2.82 0.17 3.07E-005 16.91 4.6 7 4.6 0.7 0 0.1 0
9.91 0 15.56 2.85 0.18 3.24E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 15.72 2.87 0.11 3.27E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 15.82 2.9 0.07 3.25E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 15.89 2.92 0.04 3.21E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 15.94 2.94 0.03 3.17E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 15.98 2.97 0.02 3.13E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16 2.99 0.01 3.09E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16 2.99 0.01 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.99 2.98 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.99 2.98 0 0 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.98 2.98 0 0.01 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.97 2.99 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.96 2.99 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.95 2.99 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.94 2.99 8.40E-005 8.06E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.93 2.99 1.29E-005 2.70E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.93 2.99 7.78E-006 1.65E-005 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.93 2.99 4.64E-006 1.01E-005 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.93 2.99 2.73E-006 6.20E-006 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.93 2.99 1.55E-006 3.80E-006 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.93 2.99 0 2.33E-006 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 15.93 2.99 0 1.44E-006 15.35 3.03 5.44 3.03 0.38 -0.01 0 0
9.91 0 15.93 2.99 0 8.86E-007 15.35 3.03 5.44 3.03 0.38 -0.01 0 0
9.91 0 15.93 2.99 0 5.49E-007 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 15.93 2.99 0 3.43E-007 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 15.92 2.99 0 1.73E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.91 2.99 0 1.41E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.9 2.99 0 1.03E-006 15.35 3.03 5.44 3.03 0.32 0 0 0
9.91 0 15.9 2.99 0 8.12E-007 15.35 3.03 5.44 3.03 0.32 0 0 0
9.91 0 15.89 2.99 0 7.04E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.88 3 0 6.54E-007 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 15.87 3 0 6.28E-007 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 15.86 3 -1.38E-005 6.14E-007 15.35 3.03 5.44 3.03 0.35 0 0 -0.07
9.91 0 15.85 2.98 0 -0.03 15.35 3.03 5.44 3.03 0.35 0 0 -0.07
9.91 0 15.85 2.92 0 -0.08 15.35 3.03 5.44 3.03 -0.36 0 0 -0.07
9.91 0 15.85 2.83 0 -0.1 15.35 3.03 5.44 3.03 -0.36 0 0 -0.07
9.91 0 15.85 2.72 6.14E-005 -0.12 15.35 3.03 5.44 3.03 0.32 0 0 -0.07
9.91 0 15.85 2.6 0 -0.13 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.85 2.49 0 -0.08 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.85 2.43 0 -0.05 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.85 2.39 0 -0.03 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.85 2.37 0 -0.02 15.35 3.03 5.44 3.03 0.35 -0.01 0 0
9.91 0 15.85 2.35 0 -0.01 15.35 3.03 5.44 3.03 0.35 -0.01 0 0
9.91 0 15.84 2.36 0 0 15.18 2.48 5.27 2.48 0 0.01 0 0
9.91 0 15.83 2.37 0 0.01 15.18 2.48 5.27 2.48 0 0.01 0 0
9.91 0 15.82 2.38 5.18E-005 0 15.18 2.48 5.27 2.48 0 0 0 0
9.91 0 15.8 2.38 -9.55E-006 0 15.18 2.48 5.27 2.48 0 0 0 0
9.91 0 15.79 2.38 0 0 15.18 2.48 5.27 2.48 -0.37 0 0 0
9.91 0 15.78 2.38 0 8.96E-005 15.18 2.48 5.27 2.48 -0.37 0 0 0
9.91 0 15.77 2.38 0 3.07E-005 15.18 2.48 5.27 2.48 0 0 0 0
9.91 0 15.76 2.38 0 -0.01 15.18 2.48 5.27 2.48 0.35 -0.01 0 0
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Actual X Actual Y Est x  Est y  Est x_dot  Est y_dot Rf X err RF Y Err  cam x_dot  cam y_dot rf x  rf y  accel x (m/s/s)  accel y (m/s/s)
9.91 0 15.75 2.38 0 -0.01 15.18 2.48 5.27 2.48 0.35 -0.01 0 0
9.91 0 15.81 2.46 0 0 19.11 8.4 9.2 8.4 0 0.01 0 0
9.91 0 15.86 2.55 0 0.01 19.11 8.4 9.2 8.4 0 0.01 0 0
9.91 0 15.92 2.63 5.92E-005 0 19.11 8.4 9.2 8.4 -0.33 0 0 0
9.91 0 15.97 2.72 0 0 19.11 8.4 9.2 8.4 -0.33 0 0 0
9.91 0 16.02 2.79 0 0 19.11 8.4 9.2 8.4 0.37 0 0 0
9.91 0 16.07 2.87 0 0 19.11 8.4 9.2 8.4 0.37 0 0 0
9.91 0 16.12 2.94 0 -0.01 19.11 8.4 9.2 8.4 0 -0.01 0 0
9.91 0 16.16 3.01 0 0 19.11 8.4 9.2 8.4 0 0.01 0 0
9.91 0 16.21 3.09 0 0.01 19.11 8.4 9.2 8.4 0 0.01 0.05 0
9.91 0 16.22 3.09 0.04 0 15.35 3.03 5.44 3.03 0.35 -0.01 0.05 0
9.91 0 16.26 3.09 0.06 -0.01 15.35 3.03 5.44 3.03 0.35 -0.01 0.05 0
9.91 0 16.31 3.08 0.07 0 15.35 3.03 5.44 3.03 -0.33 0.01 0.05 0
9.91 0 16.37 3.09 0.08 0.01 15.35 3.03 5.44 3.03 -0.33 0.01 0.05 0
9.91 0 16.44 3.09 0.09 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.49 3.09 0.05 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 16.51 3.09 0.03 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 16.52 3.09 0.02 8.16E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.52 3.09 0.01 2.60E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.53 3.09 0.01 1.59E-005 15.35 3.03 5.44 3.03 0.69 0 0 0
9.91 0 16.54 3.09 0.01 9.75E-006 15.35 3.03 5.44 3.03 0.69 0 0 0
9.91 0 16.54 3.09 0 5.96E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.54 3.09 0 3.64E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.54 3.09 0 2.22E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.54 3.09 0 1.35E-006 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 16.55 3.09 0 8.13E-007 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 16.55 3.09 0 4.86E-007 15.35 3.03 5.44 3.03 -0.35 0.01 0 0
9.91 0 16.54 3.09 0 2.85E-007 15.35 3.03 5.44 3.03 -0.35 0.01 0 0
9.91 0 16.54 3.09 0 1.62E-007 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 16.55 3.09 0 8.69E-008 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 16.54 3.09 0 4.08E-008 15.35 3.03 5.44 3.03 -0.32 0 0 0
9.91 0 16.54 3.09 0 1.25E-008 15.35 3.03 5.44 3.03 -0.32 0 0 0
9.91 0 16.54 3.09 0 -4.88E-009 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.54 3.09 0 -1.55E-008 15.35 3.03 5.44 3.03 0.38 0 0 0
9.91 0 16.54 3.09 0 -2.20E-008 15.35 3.03 5.44 3.03 0.38 0 0 0
9.91 0 16.55 3.09 0 -2.60E-008 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.55 3.09 0 -2.85E-008 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.55 3.09 0 -2.99E-008 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 16.55 3.11 0 -0.01 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 16.56 3.13 0 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.57 3.16 8.64E-005 0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.57 3.19 7.52E-005 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.58 3.21 6.78E-005 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.58 3.24 6.29E-005 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.59 3.26 5.96E-005 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.59 3.28 5.71E-005 5.29E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.6 3.3 0 3.40E-005 16.91 4.6 7 4.6 -0.71 0 0 0
9.91 0 16.6 3.3 0 2.09E-005 16.91 4.6 7 4.6 -0.71 0 0 -0.05
9.91 0 16.6 3.28 0 -0.04 16.91 4.6 7 4.6 0.32 0 0 -0.05
9.91 0 16.6 3.23 0 -0.06 16.91 4.6 7 4.6 0.32 0 0 -0.05
9.91 0 16.6 3.16 0 -0.07 16.91 4.6 7 4.6 -0.37 0.02 0 -0.05
9.91 0 16.6 3.08 0 -0.08 16.91 4.6 7 4.6 0.37 -0.01 0 -0.05
9.91 0 16.6 3 0 -0.09 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 16.6 2.93 0 -0.05 16.91 4.6 7 4.6 0.35 0 0 0
9.91 0 16.6 2.88 0 -0.03 16.91 4.6 7 4.6 0.35 0 0 0
9.91 0 16.6 2.86 0 -0.02 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.6 2.84 0 -0.01 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 16.62 2.83 0.04 -0.01 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 16.67 2.82 0.06 0 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 16.74 2.82 0.07 0 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 16.82 2.82 0.08 0 16.91 4.6 7 4.6 -0.37 0 0.05 0
9.91 0 16.9 2.82 0.09 0 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 16.97 2.82 0.05 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.02 2.82 0.03 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.04 2.82 0.02 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.06 2.82 0.01 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.07 2.82 0.01 -9.16E-005 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 17.07 2.82 0 -5.57E-005 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 17.08 2.82 0 -3.38E-005 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 17.08 2.82 0 -2.03E-005 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.08 2.82 0 -1.21E-005 16.91 4.6 7 4.6 0.37 -0.01 0.05 0
9.91 0 17.1 2.82 0.04 -7.04E-006 16.91 4.6 7 4.6 -0.35 0.01 0.05 0
9.91 0 17.15 2.82 0.06 -3.95E-006 16.91 4.6 7 4.6 -0.35 0.01 0.05 0
9.91 0 17.22 2.82 0.07 -2.06E-006 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.31 2.88 0.08 0 17.69 5.68 7.78 5.68 0 0 0.05 0
9.91 0 17.4 2.94 0.09 0 17.69 5.68 7.78 5.68 0.33 0 0 0
9.91 0 17.47 2.99 0.05 8.08E-005 17.69 5.68 7.78 5.68 0.33 0 0 0
9.91 0 17.52 3.05 0.03 -0.01 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 17.55 3.09 0.02 -0.01 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 17.57 3.14 0.01 0 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 17.58 3.2 0.01 0 17.69 5.68 7.78 5.68 -0.35 0 0 0
9.91 0 17.59 3.24 0 0 17.69 5.68 7.78 5.68 -0.35 0 0 0
9.91 0 17.59 3.29 0 0 17.69 5.68 7.78 5.68 0.35 0 0 0
9.91 0 17.41 3.24 0 2.33E-005 7.66 0.69 2.25 0.69 0.35 0 0 0
9.91 0 17.22 3.19 -9.89E-005 -2.41E-005 7.66 0.69 2.25 0.69 -0.32 0 0 0
9.91 0 17.04 3.15 0 -3.92E-005 7.66 0.69 2.25 0.69 -0.32 0 0 0
9.91 0 16.86 3.1 0 -0.01 7.66 0.69 2.25 0.69 0.35 -0.01 0 0
9.91 0 16.69 3.05 0 -0.01 7.66 0.69 2.25 0.69 0.35 -0.01 0 0
9.91 0 16.53 3.01 0 0 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.37 2.97 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.21 2.93 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.05 2.9 0 9.98E-005 7.66 0.69 2.25 0.69 -0.34 0 0 0
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9.91 0 16.05 2.9 0 6.10E-005 7.66 0.69 2.25 0.69 -0.34 0 0 0
9.91 0 16.05 2.9 0 3.72E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.05 2.9 0 2.25E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.05 2.9 0 1.34E-005 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 16.05 2.9 0 7.85E-006 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 16.05 2.9 0 4.41E-006 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 16.05 2.9 0 2.28E-006 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 16.05 2.9 0 9.74E-007 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.05 2.9 7.32E-005 1.66E-007 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.05 2.9 4.31E-005 -3.32E-007 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 16.05 2.9 2.47E-005 -6.40E-007 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 16.05 2.9 1.34E-005 -8.29E-007 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.05 2.9 6.55E-006 -9.46E-007 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.05 2.9 2.34E-006 -1.02E-006 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.04 2.9 0 -1.06E-006 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 16.04 2.9 0 -1.09E-006 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 16.04 2.9 0 -1.11E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.9 0 -1.12E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.9 0 -1.12E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.9 0 -1.13E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.9 -7.96E-005 -1.13E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.9 0 -1.13E-006 7.66 0.69 2.25 0.69 0.35 0 0 0
9.91 0 16.04 2.9 0 -1.13E-006 7.66 0.69 2.25 0.69 0.35 0 0 0
9.91 0 16.04 2.89 -6.37E-005 -1.13E-006 7.66 0.69 2.25 0.69 -0.38 0 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 -0.38 0 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 0.37 -0.01 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 0.37 -0.01 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.04 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 -0.71 0.01 0 0
9.91 0 16.03 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 -0.71 0.01 0 0
9.91 0 16.03 2.89 8.84E-005 -1.13E-006 7.66 0.69 2.25 0.69 0.74 0 0 0
9.91 0 16.03 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 0.74 0 0 0
9.91 0 16.03 2.89 0 -1.13E-006 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 16.03 2.89 8.60E-005 -1.13E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.07 2.96 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.11 3.03 0 -0.01 17.69 5.68 7.78 5.68 0.32 -0.01 0 0
9.91 0 16.15 3.08 0 -0.01 17.69 5.68 7.78 5.68 0.32 -0.01 0 0
9.91 0 16.18 3.14 0 0 17.69 5.68 7.78 5.68 -0.64 0.01 0.05 0
9.91 0 16.23 3.21 0.04 0.01 17.69 5.68 7.78 5.68 -0.64 0.01 0.05 0
9.91 0 16.31 3.27 0.06 0 17.69 5.68 7.78 5.68 0.31 0 0.05 0
9.91 0 16.41 3.32 0.08 0 17.69 5.68 7.78 5.68 0.31 0 0.05 0
9.91 0 16.52 3.37 0.08 0 17.69 5.68 7.78 5.68 0.34 0 0.05 0
9.91 0 16.63 3.42 0.09 0 17.69 5.68 7.78 5.68 0.34 0 0 0
9.91 0 16.7 3.45 0.05 5.70E-005 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 16.75 3.47 0.03 3.31E-005 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 16.78 3.5 0.02 2.49E-005 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 16.79 3.52 0.01 2.20E-005 16.91 4.6 7 4.6 -0.38 0 0 0
9.91 0 16.8 3.54 0.01 2.07E-005 16.91 4.6 7 4.6 -0.38 0 0 0
9.91 0 16.81 3.56 0 -0.01 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 16.82 3.57 0 -0.01 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 16.82 3.58 0 -0.01 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 16.83 3.59 0 -0.01 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 16.85 3.63 0 0.01 17.69 5.68 7.78 5.68 -0.71 0.03 0 0
9.91 0 16.86 3.68 0 0.02 17.69 5.68 7.78 5.68 -0.71 0.03 0 0
9.91 0 16.88 3.72 0 0.01 17.69 5.68 7.78 5.68 -0.35 0 0 0
9.91 0 16.89 3.76 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.9 3.8 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.92 3.83 0 0 17.69 5.68 7.78 5.68 0.35 0 0 0
9.91 0 16.93 3.86 0 9.49E-005 17.69 5.68 7.78 5.68 0.35 0 0 0
9.91 0 16.95 3.89 5.82E-005 5.40E-005 17.69 5.68 7.78 5.68 -0.34 0 0 0
9.91 0 16.96 3.92 0 4.02E-005 17.69 5.68 7.78 5.68 -0.34 0 0 0
9.91 0 16.96 3.92 0 2.47E-005 17.69 5.68 7.78 5.68 0.38 0 0 0
9.91 0 16.96 3.92 0 1.53E-005 17.69 5.68 7.78 5.68 0.38 0 0 0
9.91 0 16.96 3.92 0 9.58E-006 17.69 5.68 7.78 5.68 -0.67 0 0 0
9.91 0 16.96 3.92 0 6.13E-006 17.69 5.68 7.78 5.68 0.71 -0.01 0 0
9.91 0 16.96 3.92 0 4.06E-006 17.69 5.68 7.78 5.68 0.71 -0.01 0 0
9.91 0 16.96 3.92 0 2.80E-006 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.97 3.92 0 2.05E-006 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.97 3.92 0 1.59E-006 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.97 3.92 0 1.32E-006 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.97 3.93 0 3.12E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.96 3.95 7.22E-005 2.61E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.96 3.96 0 0.01 16.91 4.6 7 4.6 -0.33 0.01 0 0
9.91 0 16.96 3.98 0 0.01 16.91 4.6 7 4.6 -0.33 0.01 0 0
9.91 0 16.96 3.99 -6.28E-005 0 16.91 4.6 7 4.6 0.27 -0.01 0 0
9.91 0 16.96 4 0 -0.01 16.91 4.6 7 4.6 0.27 -0.01 0 0
9.91 0 16.96 4.01 0 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.96 4.02 0 0 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 16.96 4.03 0 0 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 16.95 4.03 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.03 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.03 0 0 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 16.96 4.03 0 7.33E-005 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 16.96 4.03 0 4.50E-005 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 16.96 4.03 0 2.76E-005 16.91 4.6 7 4.6 0.38 0 0 0
9.91 0 16.96 4.03 0 1.70E-005 16.91 4.6 7 4.6 0.38 0 0 0
9.91 0 16.96 4.03 -2.79E-007 1.05E-005 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 16.96 4.03 0 6.56E-006 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 16.96 4.04 0 2.77E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.05 0 2.23E-005 16.91 4.6 7 4.6 0 0 0 0
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9.91 0 16.95 4.06 0 1.63E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.07 -7.90E-005 1.27E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.08 -5.11E-005 -0.01 16.91 4.6 7 4.6 0 -0.02 0 0
9.91 0 16.95 4.09 -3.40E-005 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.95 4.1 -2.35E-005 0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.95 4.12 0 0 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.95 4.12 0 0 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.95 4.13 0 0 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.95 4.14 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.15 0 4.08E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.16 0 1.91E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.16 0 1.19E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.17 7.85E-005 9.42E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.18 4.54E-005 8.52E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.95 4.18 2.52E-005 -0.01 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 16.95 4.18 1.29E-005 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.95 4.2 5.38E-006 0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 16.94 4.2 0 0 16.85 4.3 6.94 4.3 -0.32 0 0 0
9.91 0 16.94 4.21 0 0 16.85 4.3 6.94 4.3 -0.32 0 0 0
9.91 0 16.94 4.21 0 0 16.85 4.3 6.94 4.3 0 0 0 0
9.91 0 16.94 4.21 0 9.54E-005 16.85 4.3 6.94 4.3 0 0 0 0
9.91 0 16.94 4.21 0 3.26E-005 16.85 4.3 6.94 4.3 0 0 0 0
9.91 0 16.94 4.21 0 -0.01 16.85 4.3 6.94 4.3 0.38 -0.01 0 0
9.91 0 16.94 4.2 0 -0.01 16.85 4.3 6.94 4.3 0.38 -0.01 0 0
9.91 0 16.93 4.2 -2.00E-005 0 16.85 4.3 6.94 4.3 -0.36 0.01 0 0
9.91 0 16.93 4.21 0 0.01 16.85 4.3 6.94 4.3 -0.36 0.01 0 0
9.91 0 16.97 4.32 0 0.01 19.49 11.48 9.58 11.48 -0.36 0.01 0 0
9.91 0 17.01 4.42 0 0.01 19.49 11.48 9.58 11.48 -0.36 0.01 0 0
9.91 0 17.05 4.52 0 0 19.49 11.48 9.58 11.48 0.12 0 0 0
9.91 0 17.08 4.62 0 0 19.49 11.48 9.58 11.48 0.12 0 0 0
9.91 0 17.12 4.71 0 0 19.49 11.48 9.58 11.48 -0.35 0 0 0
9.91 0 17.16 4.8 0 0 19.49 11.48 9.58 11.48 -0.35 0 0 0
9.91 0 17.19 4.89 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 17.16 4.86 0 3.01E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.14 4.84 0 -1.32E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.11 4.82 0 -2.71E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.08 4.79 0 -3.14E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.06 4.77 0 -3.26E-005 15.35 3.03 5.44 3.03 0.37 0 0 0
9.91 0 17.03 4.75 0 -3.27E-005 15.35 3.03 5.44 3.03 0.37 0 0 0
9.91 0 17.01 4.73 0 -3.24E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.98 4.71 4.69E-005 -3.21E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.96 4.69 0 -3.17E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.93 4.66 0 -3.13E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.94 4.67 -9.70E-006 -0.01 17.65 5.35 7.74 5.35 0.37 -0.01 0 0
9.91 0 16.95 4.68 0 0 17.65 5.35 7.74 5.35 -0.7 0.01 0 0
9.91 0 16.96 4.69 0 0.01 17.65 5.35 7.74 5.35 -0.7 0.01 0 0
9.91 0 16.97 4.71 0 0 17.65 5.35 7.74 5.35 0 0 0 0
9.91 0 16.98 4.72 0 0 17.65 5.35 7.74 5.35 0 0 0 0
9.91 0 16.99 4.73 0 0 17.65 5.35 7.74 5.35 0 0 0 0
9.91 0 17 4.74 0 0 17.65 5.35 7.74 5.35 0 0 0 0
9.91 0 17.01 4.75 0 0 17.65 5.35 7.74 5.35 -0.36 0.01 0 0
9.91 0 17.01 4.76 0 0 17.65 5.35 7.74 5.35 -0.36 0.01 0 0
9.91 0 16.99 4.74 0 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 16.97 4.72 0 0 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 16.96 4.7 0.04 0 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 16.99 4.68 0.06 2.12E-005 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 17.03 4.66 0.07 -1.40E-005 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 17.09 4.64 0.08 -2.52E-005 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 17.15 4.62 0.09 -2.87E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.19 4.61 0.05 -2.96E-005 15.35 3.03 5.44 3.03 0.38 0 0 0
9.91 0 17.21 4.59 0.03 -2.96E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.24 4.6 0.02 4.09E-006 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 17.26 4.61 0.01 1.50E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 17.28 4.63 0.01 1.85E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 17.29 4.64 0 1.94E-005 17.69 5.68 7.78 5.68 -0.35 0 0 0
9.91 0 17.3 4.65 0 1.96E-005 17.69 5.68 7.78 5.68 -0.35 0 0 0
9.91 0 17.3 4.66 0 0.01 17.69 5.68 7.78 5.68 -0.36 0.02 0 0
9.91 0 17.31 4.68 -5.91E-005 0.01 17.69 5.68 7.78 5.68 -0.36 0.02 0.05 0
9.91 0 17.33 4.7 0.04 0 17.69 5.68 7.78 5.68 0.74 -0.01 0.05 0
9.91 0 17.39 4.7 0.06 -0.01 17.69 5.68 7.78 5.68 0 -0.01 0.05 0
9.91 0 17.45 4.69 0.08 -0.01 16.78 3.96 6.87 3.96 0 -0.01 0.05 0
9.91 0 17.52 4.67 0.08 -0.01 16.78 3.96 6.87 3.96 0 -0.01 0.05 0
9.91 0 17.59 4.66 0.09 0 16.78 3.96 6.87 3.96 0 0.01 0 0
9.91 0 17.65 4.65 0.05 0.01 16.78 3.96 6.87 3.96 0 0.01 0 0
9.91 0 17.68 4.65 0.03 0 16.78 3.96 6.87 3.96 0 0 0 0
9.91 0 17.69 4.64 0.02 0 16.78 3.96 6.87 3.96 -0.36 0 0 0
9.91 0 17.7 4.64 0.01 0 16.78 3.96 6.87 3.96 -0.36 0 0 0
9.91 0 17.69 4.63 0.01 5.06E-005 16.78 3.96 6.87 3.96 0 0 0 0
9.91 0 17.69 4.62 0 8.19E-006 16.78 3.96 6.87 3.96 0 0 0 0
9.91 0 17.71 4.69 0 -0.01 19.49 11.48 9.58 11.48 0.7 -0.01 0 0
9.91 0 17.74 4.76 0 -0.01 19.49 11.48 9.58 11.48 0.7 -0.01 0 0
9.91 0 17.77 4.83 0 0 19.49 11.48 9.58 11.48 -0.66 0.01 0 0
9.91 0 17.79 4.91 0 0.01 19.49 11.48 9.58 11.48 -0.66 0.01 0 0
9.91 0 17.81 4.98 0 0 19.49 11.48 9.58 11.48 0.37 0 0 0
9.91 0 17.84 5.05 0 -0.01 19.49 11.48 9.58 11.48 0.37 -0.01 0 0
9.91 0 17.86 5.11 0 -0.01 19.49 11.48 9.58 11.48 0.37 -0.01 0 0
9.91 0 17.88 5.18 0 0 19.49 11.48 9.58 11.48 -0.35 0.01 0 0
9.91 0 17.91 5.25 0 0.01 19.49 11.48 9.58 11.48 -0.35 0.01 0 0
9.91 0 17.93 5.31 -1.89E-006 0 19.69 10.13 9.78 10.13 0 0 0 0
9.91 0 17.95 5.36 0 0 19.69 10.13 9.78 10.13 0 0 0 0
9.91 0 17.98 5.41 0 0 19.69 10.13 9.78 10.13 -0.65 0 0 0
9.91 0 18 5.46 0 0 19.69 10.13 9.78 10.13 -0.65 0 0 0
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9.91 0 18.02 5.51 0 0 19.69 10.13 9.78 10.13 0.37 0 0 0
9.91 0 18.04 5.56 0 9.68E-005 19.69 10.13 9.78 10.13 0.37 0 0 0
9.91 0 18.07 5.6 0 8.96E-005 19.69 10.13 9.78 10.13 0.37 0 0 0
9.91 0 18.09 5.65 0 8.66E-005 19.69 10.13 9.78 10.13 -0.32 0 0 0
9.91 0 18.11 5.7 0 8.50E-005 19.69 10.13 9.78 10.13 -0.32 0 0 0
9.91 0 18.11 5.7 0 5.23E-005 19.69 10.13 9.78 10.13 0.37 0 0 0
9.91 0 18.11 5.7 0 3.24E-005 19.69 10.13 9.78 10.13 0.37 0 0 0
9.91 0 18.11 5.7 0 2.04E-005 19.69 10.13 9.78 10.13 0 -0.01 0 0
9.91 0 18.11 5.7 0 1.32E-005 19.69 10.13 9.78 10.13 0 -0.01 0.05 0
9.91 0 18.13 5.7 0.04 8.81E-006 19.69 10.13 9.78 10.13 -0.32 0.01 0.05 0
9.91 0 18.18 5.7 0.06 6.20E-006 19.69 10.13 9.78 10.13 -0.32 0.01 0.05 0
9.91 0 18.25 5.7 0.07 4.63E-006 19.69 10.13 9.78 10.13 0.37 0 0.05 0
9.91 0 18.33 5.7 0.08 3.69E-006 19.69 10.13 9.78 10.13 -0.36 0 0.05 0
9.91 0 18.41 5.7 0.09 3.12E-006 19.69 10.13 9.78 10.13 -0.36 0 0 0
9.91 0 18.49 5.74 0.05 -0.01 19 9.97 9.09 9.97 0.35 -0.01 0 0
9.91 0 18.54 5.79 0.03 -0.01 19 9.97 9.09 9.97 0.35 -0.01 0 0
9.91 0 18.57 5.83 0.02 0 19 9.97 9.09 9.97 -0.33 0.01 0 0
9.91 0 18.59 5.89 0.01 0.01 19 9.97 9.09 9.97 -0.33 0.01 0 0
9.91 0 18.61 5.94 0.01 0 19 9.97 9.09 9.97 0 0 0 0
9.91 0 18.62 5.99 0 0 19 9.97 9.09 9.97 0 0 0 0
9.91 0 18.63 6.04 0 0 19 9.97 9.09 9.97 -0.36 0 0 0
9.91 0 18.64 6.09 0 0 19 9.97 9.09 9.97 0.36 0 0 0
9.91 0 18.64 6.13 0 0 19 9.97 9.09 9.97 0.36 0 0 0
9.91 0 18.62 6.11 0 1.39E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.6 6.1 0 -1.45E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.57 6.08 0 -2.36E-005 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 18.55 6.06 0 -2.64E-005 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 18.53 6.05 0 -2.71E-005 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 18.5 6.03 0 -2.71E-005 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 18.48 6.01 0 -2.69E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.46 6 0 -2.67E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.43 5.98 0 -2.64E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.39 5.94 0 -4.91E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 18.35 5.91 0 -5.62E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 18.3 5.87 -4.21E-006 -5.80E-005 15.28 2.78 5.37 2.78 0.33 0 0 0
9.91 0 18.26 5.84 0 -5.82E-005 15.28 2.78 5.37 2.78 0.33 0 0 0
9.91 0 18.22 5.8 0 -5.78E-005 15.28 2.78 5.37 2.78 -0.38 0 0 0
9.91 0 18.18 5.77 -5.55E-006 -5.73E-005 15.28 2.78 5.37 2.78 0.37 0 0 0
9.91 0 18.14 5.74 0 -5.67E-005 15.28 2.78 5.37 2.78 0.37 0 0 0
9.91 0 18.1 5.71 2.61E-005 -5.60E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 18.06 5.67 0 -5.54E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 18.02 5.64 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 17.98 5.61 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 17.95 5.58 0 0 15.35 3.03 5.44 3.03 -0.31 0.01 0 0
9.91 0 17.91 5.55 0 0.01 15.35 3.03 5.44 3.03 -0.31 0.01 0 0
9.91 0 17.87 5.53 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.84 5.5 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.8 5.48 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.77 5.45 2.23E-005 -0.01 15.35 3.03 5.44 3.03 0.37 -0.01 0 0
9.91 0 17.74 5.42 0 -0.01 15.35 3.03 5.44 3.03 0.37 -0.01 0 0
9.91 0 17.74 5.41 0 -0.01 15.35 3.03 5.44 3.03 -0.35 0.01 0.05 0
9.91 0 17.76 5.4 0.04 0 15.35 3.03 5.44 3.03 -0.35 0.01 0.05 0
9.91 0 17.81 5.4 0.06 0 15.35 3.03 5.44 3.03 0.31 -0.01 0.05 0
9.91 0 17.87 5.4 0.08 0 15.35 3.03 5.44 3.03 0.31 -0.01 0.05 0
9.91 0 17.95 5.4 0.08 0 15.35 3.03 5.44 3.03 0 0.01 0.05 0
9.91 0 18.04 5.4 0.09 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 18.11 5.4 0.05 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 18.15 5.4 0.03 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 18.17 5.4 0.02 0 15.35 3.03 5.44 3.03 -0.37 0 0 0
9.91 0 18.19 5.4 0.01 -6.62E-005 15.35 3.03 5.44 3.03 0.7 0 0 0
9.91 0 18.2 5.4 0.01 -4.10E-005 15.35 3.03 5.44 3.03 0.7 0 0 0
9.91 0 18.21 5.4 0.01 -2.56E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.21 5.4 0 -1.61E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.21 5.4 0 -1.03E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.22 5.4 0 -6.81E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.22 5.4 0 -4.64E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.22 5.4 0 -3.32E-006 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 18.22 5.4 0 -2.50E-006 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 18.22 5.4 0 -2.01E-006 15.35 3.03 5.44 3.03 0 0 0.07 0
9.91 0 18.25 5.4 0.06 -1.70E-006 15.35 3.03 5.44 3.03 0 0 0.07 0
9.91 0 18.32 5.4 0.09 -1.51E-006 15.35 3.03 5.44 3.03 0 0.01 0.07 0
9.91 0 18.42 5.4 0.11 -1.40E-006 15.35 3.03 5.44 3.03 0 0.01 0.07 0
9.91 0 18.54 5.4 0.12 -1.33E-006 15.35 3.03 5.44 3.03 0 0 0.07 0
9.91 0 18.67 5.4 0.13 -1.29E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.78 5.4 0.08 -1.26E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.84 5.4 0.05 -1.25E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.88 5.4 0.03 -1.24E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.9 5.4 0.02 -1.23E-006 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 18.92 5.4 0.01 -1.23E-006 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 18.93 5.4 0.01 -1.22E-006 15.35 3.03 5.44 3.03 -0.62 0.01 0 0
9.91 0 18.93 5.4 0 -1.22E-006 15.35 3.03 5.44 3.03 -0.62 0.01 0 0
9.91 0 18.93 5.4 0 -1.22E-006 15.35 3.03 5.44 3.03 0.65 0 0 0
9.91 0 18.94 5.4 0 -1.22E-006 15.35 3.03 5.44 3.03 0.65 0 0 0
9.91 0 18.94 5.4 0 -1.22E-006 15.35 3.03 5.44 3.03 -0.31 0 0 0
9.91 0 18.94 5.4 0 -1.22E-006 15.35 3.03 5.44 3.03 -0.31 0 0 0
9.91 0 18.94 5.4 0 -1.22E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.71 5.3 0 0 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.5 5.21 0 0 7.65 0.36 2.26 0.36 0 0 0.05 0
9.91 0 18.31 5.12 0.04 0 7.65 0.36 2.26 0.36 0 0 0.05 0
9.91 0 18.15 5.03 0.06 0 7.65 0.36 2.26 0.36 0 0 0.05 0
9.91 0 18.02 4.94 0.07 -9.71E-005 7.65 0.36 2.26 0.36 0 0 0.05 0
9.91 0 17.9 4.86 0.08 -8.97E-005 7.65 0.36 2.26 0.36 0 0 0.05 0
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9.91 0 17.79 4.78 0.09 -8.59E-005 7.65 0.36 2.26 0.36 0.36 0 0 0
9.91 0 17.67 4.71 0.05 -8.36E-005 7.65 0.36 2.26 0.36 0.36 0 0 0
9.91 0 17.53 4.63 0.03 -8.18E-005 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 17.55 4.63 0.02 -2.73E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.55 4.63 0.01 -9.32E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.55 4.63 0.01 -3.41E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.54 4.63 0 -1.47E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.53 4.63 0 -8.21E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.53 4.63 0 -6.03E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.52 4.63 0 -5.26E-007 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.51 4.61 0 -0.03 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.5 4.57 0 -0.04 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.5 4.5 0 -0.08 16.91 4.6 7 4.6 0 -0.01 0 -0.07
9.91 0 17.5 4.41 0 -0.11 16.91 4.6 7 4.6 0 -0.01 0 -0.07
9.91 0 17.5 4.29 6.38E-005 -0.12 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.5 4.2 3.89E-005 -0.07 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.5 4.14 0 -0.05 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 17.5 4.1 0 -0.03 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 17.5 4.08 2.22E-005 -0.02 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.5 4.07 0 -0.01 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.5 4.06 0 -0.01 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.46 4.03 6.97E-005 -0.01 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.42 4.01 -9.20E-005 -0.01 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.38 3.99 0 0 15.41 3.24 5.5 3.24 0 0.01 0 0
9.91 0 17.35 3.99 0 0.01 15.41 3.24 5.5 3.24 0 0.01 0 0
9.91 0 17.31 3.98 0 0 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.28 3.96 0 -0.01 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.25 3.94 0 0 15.41 3.24 5.5 3.24 0 0.01 0 0
9.91 0 17.22 3.94 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.18 3.93 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.15 3.91 0 0 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 17.12 3.9 0 3.17E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 17.09 3.88 0 -0.01 15.35 3.03 5.44 3.03 0.33 -0.01 0 0
9.91 0 17.06 3.86 0 -0.01 15.35 3.03 5.44 3.03 0.33 -0.01 0 0
9.91 0 17.03 3.85 0 0 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 17.01 3.84 0 -0.01 15.35 3.03 5.44 3.03 0.76 -0.01 0 0
9.91 0 16.98 3.82 0 -0.01 15.35 3.03 5.44 3.03 0.76 -0.01 0 0
9.91 0 16.95 3.8 0 0 15.35 3.03 5.44 3.03 -0.72 0.01 0 0
9.91 0 16.93 3.8 0 0.01 15.35 3.03 5.44 3.03 -0.72 0.01 0 0
9.91 0 16.93 3.8 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.93 3.81 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.93 3.81 0 0 15.35 3.03 5.44 3.03 0.33 0 0 0
9.91 0 16.93 3.81 0 0 15.35 3.03 5.44 3.03 0.33 0 0 -0.05
9.91 0 16.93 3.79 0 -0.04 15.35 3.03 5.44 3.03 0 0 0 -0.05
9.91 0 16.93 3.74 0 -0.06 15.35 3.03 5.44 3.03 0 0 0 -0.05
9.91 0 16.93 3.67 0 -0.07 15.35 3.03 5.44 3.03 0 0 0 -0.05
9.91 0 16.93 3.59 8.36E-005 -0.08 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.93 3.53 5.08E-005 -0.05 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.77 3.46 0 -0.02 7.81 0.36 2.1 0.36 -0.37 0 0 0
9.91 0 16.61 3.4 0 0 7.81 0.36 2.1 0.36 -0.37 0 0 0
9.91 0 16.45 3.34 0 -0.01 7.81 0.36 2.1 0.36 0.33 -0.01 0 0
9.91 0 16.31 3.29 0 -0.01 7.81 0.36 2.1 0.36 0.33 -0.01 0 0
9.91 0 16.16 3.24 0 0 7.81 0.36 2.1 0.36 0 0.01 0 0
9.91 0 16.02 3.2 0 0 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 15.88 3.16 0 0 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 15.74 3.11 0 -0.01 7.81 0.36 2.1 0.36 0.7 -0.01 0 0
9.91 0 15.61 3.07 4.52E-005 -0.01 7.81 0.36 2.1 0.36 0.7 -0.01 0 0
9.91 0 15.48 3.02 0 0 7.81 0.36 2.1 0.36 -0.7 0.01 0 0
9.91 0 15.48 3.03 0 0 7.81 0.36 2.1 0.36 -0.7 0.01 0 0
9.91 0 15.48 3.03 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.47 3.03 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.47 3.03 9.70E-005 0 7.81 0.36 2.1 0.36 0.37 0 0 0
9.91 0 15.47 3.03 0 0 7.81 0.36 2.1 0.36 0.37 -0.01 0 0
9.91 0 15.47 3.03 0 0 7.81 0.36 2.1 0.36 0.37 -0.01 0 0
9.91 0 15.48 3.03 0 0 7.81 0.36 2.1 0.36 0.37 -0.01 0 0
9.91 0 15.48 3.03 0 7.23E-005 7.81 0.36 2.1 0.36 0.37 -0.01 0 0
9.91 0 15.52 3.08 0 0 17.69 5.68 7.78 5.68 -0.32 0.01 0 0
9.91 0 15.55 3.12 -8.48E-005 0 17.69 5.68 7.78 5.68 -0.32 0.01 0 0
9.91 0 15.59 3.16 0 0 17.69 5.68 7.78 5.68 0.3 -0.01 0 0
9.91 0 15.63 3.2 0 -0.01 17.69 5.68 7.78 5.68 0.3 -0.01 0 0
9.91 0 15.67 3.23 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 15.7 3.27 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 15.74 3.31 0 0.01 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 15.77 3.35 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 15.8 3.39 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 15.83 3.42 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 15.81 3.4 0 7.37E-005 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.79 3.39 -4.00E-006 9.36E-006 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.77 3.37 -8.48E-005 -1.16E-005 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.75 3.35 0 -1.83E-005 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.73 3.34 0 -2.02E-005 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.71 3.32 0 -2.07E-005 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.69 3.3 0 -0.01 14.52 2.22 4.61 2.22 0 -0.01 0 0
9.91 0 15.67 3.28 0 -0.01 14.52 2.22 4.61 2.22 0 -0.01 0 0
9.91 0 15.67 3.27 0 0 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.66 3.27 0 0.01 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.66 3.28 0 0 15.35 3.03 5.44 3.03 -0.33 0 0 0
9.91 0 15.65 3.27 0 0 15.35 3.03 5.44 3.03 -0.33 0 0 0
9.91 0 15.65 3.27 1.67E-005 0 15.35 3.03 5.44 3.03 0.38 0 0 0
9.91 0 15.64 3.27 0 8.24E-005 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.64 3.27 0 2.41E-005 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.63 3.26 -4.63E-005 4.92E-006 15.35 3.03 5.44 3.03 0.35 0 0 0
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9.91 0 15.63 3.26 0 -1.34E-006 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 15.63 3.26 0 -8.29E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 0 -5.28E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 0 -3.53E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 0 -2.51E-007 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.63 3.26 0 -1.93E-007 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.63 3.26 0 -1.60E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 0 -1.42E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 0 -1.31E-007 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 15.63 3.26 0 -1.26E-007 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.63 3.26 0 -1.23E-007 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.63 3.26 7.63E-005 -1.21E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 4.66E-005 -1.20E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 2.84E-005 -1.20E-007 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 15.63 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.62 3.26 3.31E-006 -1.19E-007 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.63 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.63 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.63 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.62 3.26 -6.19E-005 -1.19E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.62 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0.76 -0.01 0 0
9.91 0 15.63 3.26 0 -1.19E-007 15.35 3.03 5.44 3.03 0.76 -0.01 0 0
9.91 0 15.62 3.27 0 1.57E-005 15.51 3.6 5.6 3.6 -0.34 0 0 0
9.91 0 15.62 3.27 0 1.32E-005 15.51 3.6 5.6 3.6 -0.34 0 0 0
9.91 0 15.62 3.28 0 9.70E-006 15.51 3.6 5.6 3.6 -0.33 0 0 0
9.91 0 15.62 3.28 0 7.62E-006 15.51 3.6 5.6 3.6 -0.33 0 0 0
9.91 0 15.61 3.29 0 6.59E-006 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.61 3.3 0 0.01 15.51 3.6 5.6 3.6 0 0.01 0 0
9.91 0 15.61 3.31 0 0.01 15.51 3.6 5.6 3.6 0 0.01 0 0
9.91 0 15.61 3.32 0 0 15.51 3.6 5.6 3.6 -0.35 0 0 0
9.91 0 15.6 3.33 0 0 15.51 3.6 5.6 3.6 -0.35 0 0 0
9.91 0 15.6 3.33 0 0 15.51 3.6 5.6 3.6 0.7 -0.01 0 0
9.91 0 15.61 3.33 0 0 15.51 3.6 5.6 3.6 0.7 -0.01 0 0
9.91 0 15.61 3.33 0 0 15.51 3.6 5.6 3.6 -0.66 0.01 0 0
9.91 0 15.6 3.33 0 0 15.51 3.6 5.6 3.6 -0.66 0.01 0 0
9.91 0 15.6 3.33 0 8.10E-005 15.51 3.6 5.6 3.6 0.35 0 0 0
9.91 0 15.6 3.33 0 4.96E-005 15.51 3.6 5.6 3.6 -0.74 0 0 0
9.91 0 15.6 3.33 0 3.04E-005 15.51 3.6 5.6 3.6 -0.74 0 0 0
9.91 0 15.6 3.33 -4.71E-005 1.87E-005 15.51 3.6 5.6 3.6 0.72 0 0 0
9.91 0 15.6 3.33 0 1.15E-005 15.51 3.6 5.6 3.6 0.72 0 0 0
9.91 0 15.6 3.33 0 6.72E-006 15.46 3.4 5.55 3.4 0 0 0 0
9.91 0 15.6 3.33 0 3.92E-006 15.46 3.4 5.55 3.4 0 0 0 0
9.91 0 15.59 3.33 0 2.45E-006 15.46 3.4 5.55 3.4 0 0 0 0
9.91 0 15.59 3.34 0 1.77E-006 15.46 3.4 5.55 3.4 -0.36 0 0 0
9.91 0 15.59 3.34 0 1.47E-006 15.46 3.4 5.55 3.4 -0.36 0 0 0
9.91 0 15.59 3.34 6.77E-005 -0.01 15.46 3.4 5.55 3.4 0.37 -0.01 0 0
9.91 0 15.58 3.33 0 -0.01 15.46 3.4 5.55 3.4 0.37 -0.01 0 0
9.91 0 15.58 3.33 0 0 15.46 3.4 5.55 3.4 0 0.01 0 0
9.91 0 15.58 3.33 0 0.01 15.46 3.4 5.55 3.4 0 0.01 0 0
9.91 0 15.6 3.36 0 0 16.91 4.6 7 4.6 0 0 0.07 0
9.91 0 15.66 3.38 0.06 0 16.91 4.6 7 4.6 0 0 0.07 0
9.91 0 15.75 3.4 0.09 0 16.91 4.6 7 4.6 -0.32 0 0.07 0
9.91 0 15.87 3.42 0.11 0 16.91 4.6 7 4.6 0 0 0.07 0
9.91 0 16.01 3.44 0.12 5.11E-005 16.91 4.6 7 4.6 0 0 0.07 0
9.91 0 16.15 3.46 0.13 3.13E-005 16.91 4.6 7 4.6 0.31 0 0 0
9.91 0 16.27 3.48 0.08 2.46E-005 16.91 4.6 7 4.6 0.31 0 0 0
9.91 0 16.34 3.5 0.05 2.22E-005 16.91 4.6 7 4.6 -0.33 0 0 0
9.91 0 16.39 3.51 0.03 2.12E-005 16.91 4.6 7 4.6 -0.33 0 0 0
9.91 0 16.41 3.51 0.02 1.30E-005 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.43 3.51 0.01 8.07E-006 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.44 3.51 0.01 5.08E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.44 3.51 0 3.28E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.45 3.51 0 2.19E-006 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 16.45 3.51 0 1.54E-006 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 16.45 3.51 0 1.15E-006 16.91 4.6 7 4.6 0.38 0 0 0
9.91 0 16.45 3.51 0 9.12E-007 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 16.45 3.51 0 7.71E-007 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 16.46 3.53 0 4.97E-005 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.47 3.55 0 4.18E-005 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 16.47 3.57 -2.20E-005 3.09E-005 16.91 4.6 7 4.6 -0.32 0 0 0
9.91 0 16.48 3.58 0 2.44E-005 16.91 4.6 7 4.6 -0.32 0 0 0
9.91 0 16.49 3.6 0 2.12E-005 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 16.5 3.62 0 1.96E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.5 3.63 0 1.88E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.51 3.65 0 1.84E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.52 3.66 9.67E-005 1.80E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.37 3.61 0 -3.55E-005 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 16.22 3.56 0 -5.25E-005 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 16.08 3.51 0 -5.74E-005 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 15.94 3.47 0 -5.84E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.81 3.42 0 -0.01 7.81 0.36 2.1 0.36 0.36 -0.01 0 0
9.91 0 15.68 3.36 0 -0.01 7.81 0.36 2.1 0.36 0.36 -0.01 0 0
9.91 0 15.55 3.32 0 0 7.81 0.36 2.1 0.36 -0.35 0.01 0 0
9.91 0 15.42 3.28 0 0.01 7.81 0.36 2.1 0.36 -0.35 0.01 0 0
9.91 0 15.3 3.24 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.3 3.24 0 0 15.35 3.03 5.44 3.03 0 0 0 0
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9.91 0 15.3 3.24 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.3 3.24 0 8.41E-005 15.35 3.03 5.44 3.03 0.17 0 0 0
9.91 0 15.3 3.23 0 2.51E-005 15.35 3.03 5.44 3.03 0.17 0 0 0
9.91 0 15.3 3.23 0 5.66E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.3 3.23 7.45E-005 -6.79E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.3 3.22 0 -0.01 15.35 3.03 5.44 3.03 0.39 -0.01 0 0
9.91 0 15.3 3.22 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.3 3.21 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.29 3.2 0 0.01 14.52 2.22 4.61 2.22 -0.68 0.01 0 0
9.91 0 15.28 3.19 0 0.01 14.52 2.22 4.61 2.22 -0.68 0.01 0 0
9.91 0 15.26 3.18 0 0 14.52 2.22 4.61 2.22 0.34 -0.01 0 0
9.91 0 15.25 3.17 0 -0.01 14.52 2.22 4.61 2.22 0.34 -0.01 0 0
9.91 0 15.24 3.15 3.51E-005 0 14.52 2.22 4.61 2.22 0 0.01 0 0
9.91 0 15.23 3.14 -2.55E-005 0.01 14.52 2.22 4.61 2.22 0 0.01 0 0
9.91 0 15.22 3.14 -6.18E-005 0 14.52 2.22 4.61 2.22 0 0 0 0
9.91 0 15.21 3.13 -8.34E-005 -0.01 14.52 2.22 4.61 2.22 0 -0.01 0 0
9.91 0 15.2 3.11 -9.59E-005 -0.01 14.52 2.22 4.61 2.22 0 -0.01 0 0
9.91 0 15.2 3.1 0 -0.01 14.52 2.22 4.61 2.22 -0.33 0.01 0 0
9.91 0 15.2 3.1 0 0 14.52 2.22 4.61 2.22 -0.33 0.01 0 0
9.91 0 15.2 3.1 4.91E-005 0 14.52 2.22 4.61 2.22 0.38 0 0 0
9.91 0 15.2 3.09 2.99E-005 0 14.52 2.22 4.61 2.22 0 -0.01 0 0
9.91 0 15.2 3.09 1.81E-005 0 14.52 2.22 4.61 2.22 0 -0.01 0 0
9.91 0 15.2 3.09 1.10E-005 0 14.52 2.22 4.61 2.22 0 0.01 0 0
9.91 0 15.2 3.09 6.56E-006 0 14.52 2.22 4.61 2.22 0 0.01 0 0
9.91 0 15.2 3.09 0 0 14.52 2.22 4.61 2.22 -0.35 0 0 0
9.91 0 15.08 3.06 0 0 7.71 0.58 2.2 0.58 -0.35 0 0 0
9.91 0 14.96 3.02 0 0 7.71 0.58 2.2 0.58 0.36 0 0 0
9.91 0 14.84 2.99 0 -7.66E-005 7.71 0.58 2.2 0.58 -0.35 0 0 0
9.91 0 14.72 2.95 0 -5.84E-005 7.71 0.58 2.2 0.58 -0.35 0 0 0
9.91 0 14.61 2.92 0 -5.00E-005 7.71 0.58 2.2 0.58 0 0 0 0
9.91 0 14.5 2.89 0 -4.62E-005 7.71 0.58 2.2 0.58 0 0 0 0
9.91 0 14.4 2.86 0 -4.43E-005 7.71 0.58 2.2 0.58 0.36 0 0 0
9.91 0 14.29 2.83 0 -4.33E-005 7.71 0.58 2.2 0.58 -0.37 0 0 0
9.91 0 14.19 2.8 0 -4.25E-005 7.71 0.58 2.2 0.58 -0.37 0 0 0
9.91 0 14.26 2.94 0 -0.01 19.04 13.41 9.13 13.41 0.36 -0.01 0 0
9.91 0 14.33 3.07 0 -0.01 19.04 13.41 9.13 13.41 0.36 -0.01 0 0
9.91 0 14.41 3.2 0 0 19.04 13.41 9.13 13.41 -0.34 0.01 0 0
9.91 0 14.48 3.34 -6.07E-005 0.01 19.04 13.41 9.13 13.41 -0.34 0.01 0 0
9.91 0 14.55 3.47 0 0 19.04 13.41 9.13 13.41 0.34 -0.01 0 0
9.91 0 14.62 3.59 0 -0.01 19.04 13.41 9.13 13.41 0.34 -0.01 0 0
9.91 0 14.68 3.72 -2.83E-005 0 19.04 13.41 9.13 13.41 -0.74 0.02 0 0
9.91 0 14.75 3.84 0 0 19.04 13.41 9.13 13.41 0.71 0 0.1 0
9.91 0 14.86 3.96 0.08 0 19.04 13.41 9.13 13.41 0.71 0 0.1 0
9.91 0 14.96 3.95 0.12 0 15.41 3.24 5.5 3.24 -0.68 0 0.1 0
9.91 0 15.1 3.95 0.15 6.16E-005 15.41 3.24 5.5 3.24 -0.68 0 0.1 0
9.91 0 15.26 3.94 0.17 1.13E-005 15.41 3.24 5.5 3.24 0.65 0 0.1 0
9.91 0 15.44 3.93 0.18 -5.09E-006 15.41 3.24 5.5 3.24 0.65 0 0 0
9.91 0 15.58 3.92 0.11 -0.01 15.41 3.24 5.5 3.24 0.76 -0.01 0 0
9.91 0 15.66 3.91 0.07 0 15.41 3.24 5.5 3.24 -0.76 0.01 0 0
9.91 0 15.7 3.91 0.04 0.01 15.41 3.24 5.5 3.24 -0.76 0.01 0 0
9.91 0 15.73 3.9 0.02 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 15.75 3.9 0.01 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 15.79 3.92 0.01 0 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 15.82 3.95 0.01 0 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 15.85 3.97 0 6.78E-005 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 15.88 3.99 0 4.74E-005 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 15.91 4.02 0 4.04E-005 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 15.94 4.04 0 3.78E-005 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 15.96 4.06 0 3.67E-005 17.72 5.96 7.81 5.96 -0.32 0 0 0
9.91 0 15.99 4.08 0 3.60E-005 17.72 5.96 7.81 5.96 0.37 0 0 0
9.91 0 16.01 4.11 0 3.55E-005 17.72 5.96 7.81 5.96 0.37 0 0 0
9.91 0 16.03 4.11 0 1.79E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.04 4.12 0 1.21E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.05 4.12 0 1.01E-005 16.91 4.6 7 4.6 -0.71 0 0 0
9.91 0 16.06 4.13 0 -0.01 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 16.08 4.12 0 -0.01 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 16.09 4.13 0 0 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 16.1 4.14 0 0.01 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 16.11 4.14 0 0 16.91 4.6 7 4.6 0.35 -0.01 0 0
9.91 0 16.13 4.15 0 -0.01 16.91 4.6 7 4.6 0.35 -0.01 0 0
9.91 0 16.14 4.16 0 0 17.02 5.32 7.11 5.32 0 0.01 0 0
9.91 0 16.15 4.17 0 0.01 17.02 5.32 7.11 5.32 0 0.01 0 0
9.91 0 16.16 4.19 0 0 17.02 5.32 7.11 5.32 0 0 0 0
9.91 0 16.17 4.21 0 0 17.02 5.32 7.11 5.32 -0.35 0 0 0
9.91 0 16.19 4.22 0 0 17.02 5.32 7.11 5.32 -0.35 0 0 0
9.91 0 16.2 4.23 0 -0.01 17.02 5.32 7.11 5.32 0.37 -0.01 0 0
9.91 0 16.21 4.23 0 -0.01 17.02 5.32 7.11 5.32 0.37 -0.01 0 0
9.91 0 16.22 4.24 0 0 17.02 5.32 7.11 5.32 0 0.01 0 0
9.91 0 16.23 4.26 0 0.01 17.02 5.32 7.11 5.32 0 0.01 0 0
9.91 0 16.23 4.26 0 0 17.02 5.32 7.11 5.32 -0.36 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 -0.36 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 0 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 0 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 0 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 0 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 -0.36 0 0 0
9.91 0 16.23 4.27 0 0 17.02 5.32 7.11 5.32 0.36 0 0 0
9.91 0 16.23 4.27 0 9.12E-005 17.02 5.32 7.11 5.32 0.36 0 0 0
9.91 0 16.23 4.27 0 5.61E-005 17.02 5.32 7.11 5.32 0.35 -0.01 0 0
9.91 0 16.23 4.27 0 3.45E-005 17.02 5.32 7.11 5.32 0.35 -0.01 0 0
9.91 0 16.23 4.27 0 2.14E-005 17.02 5.32 7.11 5.32 -0.31 0.01 0 0
9.91 0 16.23 4.27 0 1.33E-005 17.02 5.32 7.11 5.32 -0.31 0.01 0 0
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9.91 0 16.23 4.27 0 8.34E-006 17.02 5.32 7.11 5.32 -0.37 0 0 0
9.91 0 16.23 4.27 0 5.32E-006 17.02 5.32 7.11 5.32 0.74 -0.01 0 0
9.91 0 16.23 4.27 0 3.46E-006 17.02 5.32 7.11 5.32 0.74 -0.01 0 0
9.91 0 16.24 4.27 0 2.33E-006 17.02 5.32 7.11 5.32 -0.35 0.01 0 0
9.91 0 16.24 4.27 0 1.63E-006 17.02 5.32 7.11 5.32 -0.35 0.01 0 0
9.91 0 16.26 4.31 -6.92E-005 0 17.76 6.45 7.85 6.45 0 0 0 0
9.91 0 16.29 4.34 5.65E-005 8.46E-005 17.76 6.45 7.85 6.45 0 0 0 0
9.91 0 16.31 4.37 0 -0.01 17.76 6.45 7.85 6.45 0.31 -0.01 0 0
9.91 0 16.34 4.39 0 -0.01 17.76 6.45 7.85 6.45 0.31 -0.01 0 0
9.91 0 16.36 4.41 0 0 17.76 6.45 7.85 6.45 0 0 0.05 0
9.91 0 16.4 4.44 0.04 0.01 17.76 6.45 7.85 6.45 -0.37 0.01 0.05 0
9.91 0 16.47 4.48 0.06 0.01 17.76 6.45 7.85 6.45 -0.37 0.01 0.05 0
9.91 0 16.56 4.51 0.07 0 17.76 6.45 7.85 6.45 0.37 0 0.05 0
9.91 0 16.66 4.54 0.08 0 17.76 6.45 7.85 6.45 0.37 0 0.05 0
9.91 0 16.71 4.52 0.09 -0.01 14.78 2.99 4.87 2.99 0 -0.01 0 0
9.91 0 16.75 4.49 0.05 -0.01 14.78 2.99 4.87 2.99 0 -0.01 0 0
9.91 0 16.76 4.47 0.03 0 14.78 2.99 4.87 2.99 -0.34 0.01 0 0
9.91 0 16.76 4.45 0.02 0 14.78 2.99 4.87 2.99 0 0 0 0
9.91 0 16.74 4.43 0.01 0 14.78 2.99 4.87 2.99 0 0 0 0
9.91 0 16.72 4.41 0.01 0 14.78 2.99 4.87 2.99 0 0 0 0
9.91 0 16.7 4.39 0 1.62E-005 14.78 2.99 4.87 2.99 0 0 0 0
9.91 0 16.67 4.37 0 0 14.78 2.99 4.87 2.99 0.37 -0.01 0 0
9.91 0 16.64 4.35 0 0 14.78 2.99 4.87 2.99 0.37 -0.01 0 0
9.91 0 16.66 4.37 0 0.01 17.72 5.96 7.81 5.96 -0.73 0.01 0 0
9.91 0 16.68 4.4 0 0.01 17.72 5.96 7.81 5.96 -0.73 0.01 0 0
9.91 0 16.69 4.43 7.93E-005 0 17.72 5.96 7.81 5.96 0.33 0 0 0
9.91 0 16.71 4.45 0 0 17.72 5.96 7.81 5.96 -0.35 0 0 0
9.91 0 16.72 4.47 0 0 17.72 5.96 7.81 5.96 -0.35 0 0 0
9.91 0 16.74 4.49 0 0 17.72 5.96 7.81 5.96 0.36 0 0 0
9.91 0 16.75 4.5 0 6.05E-005 17.72 5.96 7.81 5.96 -0.36 0 0 0
9.91 0 16.76 4.52 0 3.82E-005 17.72 5.96 7.81 5.96 -0.36 0 0 0
9.91 0 16.78 4.54 0 3.07E-005 17.72 5.96 7.81 5.96 0.36 0 0 0
9.91 0 16.76 4.53 0 -1.75E-006 15.51 3.6 5.6 3.6 0.36 0 0 0
9.91 0 16.74 4.52 0 -0.01 15.51 3.6 5.6 3.6 0.33 -0.01 0 0
9.91 0 16.73 4.5 0 -0.01 15.51 3.6 5.6 3.6 0.33 -0.01 0 0
9.91 0 16.71 4.48 -9.20E-005 0 15.51 3.6 5.6 3.6 -0.36 0 0 0
9.91 0 16.69 4.47 0 0.01 15.51 3.6 5.6 3.6 0 0.01 0 0
9.91 0 16.67 4.47 0 0.01 15.51 3.6 5.6 3.6 0 0.01 0 0
9.91 0 16.66 4.46 0 0 15.51 3.6 5.6 3.6 0.35 -0.01 0 0
9.91 0 16.64 4.45 0 -0.01 15.51 3.6 5.6 3.6 0.35 -0.01 0 0
9.91 0 16.62 4.44 0 0 15.51 3.6 5.6 3.6 -0.69 0.01 0 0
9.91 0 16.66 4.5 0 0.01 19.07 9.26 9.16 9.26 -0.69 0.01 0 0
9.91 0 16.69 4.56 0 0 19.07 9.26 9.16 9.26 0.32 0 0 0
9.91 0 16.73 4.61 0 0 19.07 9.26 9.16 9.26 0.32 0 0 0
9.91 0 16.76 4.67 0 -0.01 19.07 9.26 9.16 9.26 0.36 -0.01 0 0
9.91 0 16.79 4.71 0 -0.01 19.07 9.26 9.16 9.26 0.36 -0.01 0 0
9.91 0 16.83 4.76 0 0 19.07 9.26 9.16 9.26 -0.38 0.01 0 0
9.91 0 16.86 4.82 0 0 19.07 9.26 9.16 9.26 -0.37 0 0 0
9.91 0 16.89 4.87 0 0 19.07 9.26 9.16 9.26 -0.37 0 0 0
9.91 0 16.92 4.92 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 0 8.71E-005 19.07 9.26 9.16 9.26 0.3 0 0 0
9.91 0 16.92 4.92 0 5.39E-005 19.07 9.26 9.16 9.26 0.3 0 0 0
9.91 0 16.92 4.92 0 3.36E-005 19.07 9.26 9.16 9.26 0 -0.01 0 0
9.91 0 16.92 4.92 0 2.13E-005 19.07 9.26 9.16 9.26 0 -0.01 0 0
9.91 0 16.92 4.92 0 1.38E-005 19.07 9.26 9.16 9.26 -0.36 0.01 0 0
9.91 0 16.92 4.92 0 9.30E-006 19.07 9.26 9.16 9.26 -0.36 0.01 0 0
9.91 0 16.92 4.92 0 6.53E-006 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 0 4.84E-006 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 0 3.82E-006 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 0 3.20E-006 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 -6.41E-005 2.82E-006 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.92 4.92 0 2.59E-006 19.07 9.26 9.16 9.26 0.71 -0.01 0 0
9.91 0 16.92 4.92 0 2.45E-006 19.07 9.26 9.16 9.26 0.71 -0.01 0 0
9.91 0 16.92 4.92 0 2.36E-006 19.07 9.26 9.16 9.26 -0.37 0 0.07 0
9.91 0 16.95 4.92 0.06 2.31E-006 19.07 9.26 9.16 9.26 -0.37 0 0.07 0
9.91 0 17.03 4.92 0.09 2.28E-006 19.07 9.26 9.16 9.26 0 0.01 0.07 0
9.91 0 17.13 4.91 0.11 -0.01 16.91 4.6 7 4.6 0.38 -0.01 0.07 0
9.91 0 17.24 4.89 0.13 -0.01 16.91 4.6 7 4.6 0.38 -0.01 0.07 0
9.91 0 17.36 4.88 0.13 0 16.91 4.6 7 4.6 -0.34 0 0 0
9.91 0 17.46 4.88 0.08 0 16.91 4.6 7 4.6 -0.34 0 0 0
9.91 0 17.51 4.88 0.05 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.54 4.87 0.03 0 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.55 4.86 0.02 -0.01 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.56 4.85 0.01 0 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.56 4.85 0.01 0 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.55 4.85 0 0.01 16.91 4.6 7 4.6 -0.67 0.01 0 0
9.91 0 17.55 4.85 0 0 16.91 4.6 7 4.6 -0.67 0.01 0 0
9.91 0 17.56 4.85 0 0 16.91 4.6 7 4.6 0.32 0 0 -0.05
9.91 0 17.56 4.84 0 -0.04 16.91 4.6 7 4.6 0.32 0 0 -0.05
9.91 0 17.56 4.79 0 -0.06 16.91 4.6 7 4.6 -0.35 0 0 -0.05
9.91 0 17.56 4.72 0 -0.07 16.91 4.6 7 4.6 -0.35 0 0 -0.05
9.91 0 17.56 4.64 0 -0.08 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.56 4.57 0 -0.05 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.56 4.53 0 -0.03 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.56 4.51 0 -0.02 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.56 4.49 0 -0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.56 4.48 0 -0.01 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17.56 4.46 0 -0.04 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17.56 4.41 6.75E-005 -0.06 16.91 4.6 7 4.6 0 -0.01 0 -0.05
9.91 0 17.56 4.33 4.11E-005 -0.08 16.91 4.6 7 4.6 0 0.01 0 -0.05
9.91 0 17.56 4.25 2.50E-005 -0.08 16.91 4.6 7 4.6 0 0.01 0 -0.05
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9.91 0 17.56 4.17 1.52E-005 -0.09 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.56 4.1 9.15E-006 -0.05 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.56 4.05 0 -0.03 16.91 4.6 7 4.6 -0.34 0 0 0
9.91 0 17.56 4.03 0 -0.02 16.91 4.6 7 4.6 -0.34 0 0 0
9.91 0 17.56 4.01 1.09E-005 -0.01 16.91 4.6 7 4.6 0.34 -0.01 0 0
9.91 0 17.56 4 0 -0.01 16.91 4.6 7 4.6 0.34 -0.01 0 0
9.91 0 17.56 3.99 0 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.56 3.99 0 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.56 3.99 0 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.56 3.99 7.06E-005 0 16.91 4.6 7 4.6 0 0.01 0.05 0
9.91 0 17.58 3.99 0.04 0 16.91 4.6 7 4.6 0 0.01 0.05 0
9.91 0 17.63 3.99 0.06 0 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.68 4 0.07 -8.98E-005 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.74 4.01 0.08 -1.46E-005 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.81 4.02 0.09 4.86E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.86 4.03 0.05 9.56E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.88 4.04 0.03 1.05E-005 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.89 4.05 0.02 1.05E-005 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.89 4.06 0.01 -0.01 16.91 4.6 7 4.6 0.72 -0.01 0 0
9.91 0 17.88 4.06 0.01 -0.01 16.91 4.6 7 4.6 0.72 -0.01 0 0
9.91 0 17.87 4.07 0 0 16.91 4.6 7 4.6 -0.73 0.01 0 0
9.91 0 17.87 4.07 0 0 16.91 4.6 7 4.6 -0.73 0.01 0 0
9.91 0 17.87 4.08 0 0 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 17.87 4.08 0 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.87 4.08 0 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.87 4.08 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.87 4.08 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.87 4.08 0 0 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 17.87 4.08 0 7.90E-005 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 17.87 4.08 0 4.85E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.87 4.08 0 2.98E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.87 4.08 0 1.83E-005 16.91 4.6 7 4.6 0.34 0 0 0
9.91 0 17.87 4.08 0 1.13E-005 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 17.87 4.08 0 7.04E-006 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 17.87 4.08 5.04E-005 4.42E-006 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 17.87 4.08 0 2.81E-006 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 17.87 4.08 0 1.82E-006 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.87 4.08 0 1.22E-006 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.87 4.08 0 8.52E-007 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.87 4.08 0 6.26E-007 16.91 4.6 7 4.6 -0.32 0 0 0
9.91 0 17.87 4.08 0 4.87E-007 16.91 4.6 7 4.6 -0.32 0 0 0
9.91 0 17.87 4.08 0 4.03E-007 16.91 4.6 7 4.6 0.7 0 0 0
9.91 0 17.87 4.08 0 3.51E-007 16.91 4.6 7 4.6 0.7 0 0 0
9.91 0 17.87 4.08 0 3.19E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.87 4.08 0 3.00E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.87 4.08 0 2.88E-007 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.87 4.08 0 2.80E-007 16.91 4.6 7 4.6 -0.71 0.01 0 0
9.91 0 17.87 4.08 0 2.76E-007 16.91 4.6 7 4.6 -0.71 0.01 0 0
9.91 0 17.9 4.27 8.83E-005 0 19.37 12.07 9.46 12.07 0.64 0 0 0
9.91 0 17.94 4.45 0 0 19.37 12.07 9.46 12.07 0.64 0 0 0
9.91 0 17.97 4.63 0 0 19.37 12.07 9.46 12.07 0.64 0 0 0
9.91 0 18.01 4.8 0 0 19.37 12.07 9.46 12.07 0.64 0 0 0
9.91 0 18.04 4.96 0 0 19.37 12.07 9.46 12.07 0 0 0 0
9.91 0 18.07 5.11 0 0 19.37 12.07 9.46 12.07 0 0 0 0
9.91 0 18.09 5.26 0 0 19.37 12.07 9.46 12.07 0 0 0 0
9.91 0 18.12 5.4 0 0 19.37 12.07 9.46 12.07 0 0 0 0
9.91 0 18.15 5.54 0 0 19.37 12.07 9.46 12.07 0 0 0 -0.05
9.91 0 18.14 5.53 0 -0.02 17.69 5.68 7.78 5.68 0 0 0 -0.05
9.91 0 18.13 5.51 9.25E-005 -0.03 17.69 5.68 7.78 5.68 0 0 0 -0.05
9.91 0 18.12 5.48 2.82E-005 -0.03 17.69 5.68 7.78 5.68 0 0 0 -0.05
9.91 0 18.11 5.45 -1.05E-005 -0.04 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 18.1 5.43 -3.37E-005 -0.02 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 18.1 5.42 -4.73E-005 -0.01 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 18.09 5.42 0 0 17.69 5.68 7.78 5.68 -0.37 0.01 0 0
9.91 0 18.08 5.43 0 0.01 17.69 5.68 7.78 5.68 -0.37 0.01 0 0
9.91 0 18.07 5.44 -8.70E-005 0 17.69 5.68 7.78 5.68 0.35 0 0 0
9.91 0 18.07 5.45 0 0 17.69 5.68 7.78 5.68 0.35 0 0 0
9.91 0 18.07 5.45 0 0 17.69 5.68 7.78 5.68 -0.32 0 0 0
9.91 0 18.07 5.45 0 0 17.69 5.68 7.78 5.68 -0.32 0 0 0
9.91 0 18.07 5.45 0 0 17.69 5.68 7.78 5.68 0.36 -0.01 0 0
9.91 0 18.07 5.45 0 0 17.69 5.68 7.78 5.68 -0.39 0.02 0 0
9.91 0 18.07 5.45 0 0 17.69 5.68 7.78 5.68 -0.39 0.02 0 0
9.91 0 18.07 5.45 2.54E-005 9.07E-005 17.69 5.68 7.78 5.68 0.37 0 0 0
9.91 0 18.07 5.45 0 5.56E-005 17.69 5.68 7.78 5.68 0.37 0 0 0
9.91 0 18.07 5.45 0 3.41E-005 17.69 5.68 7.78 5.68 0 0 0.1 0
9.91 0 18.09 5.44 0.08 -1.81E-006 17 5.19 7.09 5.19 0 0 0.1 0
9.91 0 18.17 5.44 0.12 -6.65E-006 17 5.19 7.09 5.19 -0.33 0 0.1 0
9.91 0 18.28 5.43 0.15 -6.23E-006 17 5.19 7.09 5.19 -0.33 0 0.1 0
9.91 0 18.41 5.43 0.17 -5.40E-006 17 5.19 7.09 5.19 0.35 0 0.1 0
9.91 0 18.55 5.42 0.18 -0.01 17 5.19 7.09 5.19 0.37 -0.01 0 0
9.91 0 18.66 5.41 0.11 -0.01 17 5.19 7.09 5.19 0.37 -0.01 0 0
9.91 0 18.71 5.4 0.07 0 17 5.19 7.09 5.19 0 0 0 0
9.91 0 18.73 5.4 0.04 0 17 5.19 7.09 5.19 0 0 0 0
9.91 0 18.73 5.39 0.02 0 17 5.19 7.09 5.19 -0.37 0 0 0
9.91 0 18.73 5.41 0.01 -9.13E-005 17.74 6.18 7.83 6.18 -0.37 0 0 0
9.91 0 18.72 5.42 0.01 0.01 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 18.71 5.44 0.01 0 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 18.7 5.45 0 0 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 18.68 5.46 0 0 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 18.67 5.48 0 8.08E-005 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 18.65 5.49 5.41E-005 3.54E-005 17.74 6.18 7.83 6.18 -0.36 0 0 0
9.91 0 18.64 5.5 0 2.03E-005 17.74 6.18 7.83 6.18 -0.36 0 0 0
131
Actual X Actual Y Est x  Est y  Est x_dot  Est y_dot Rf X err RF Y Err  cam x_dot  cam y_dot rf x  rf y  accel x (m/s/s)  accel y (m/s/s)
9.91 0 18.62 5.51 0 -0.01 17.74 6.18 7.83 6.18 0.59 -0.01 0 0
9.91 0 18.62 5.5 0 0 17.74 6.18 7.83 6.18 0.59 -0.01 0 0
9.91 0 18.62 5.5 0 0 17.74 6.18 7.83 6.18 -0.29 0.01 0 0
9.91 0 18.62 5.5 0 0 17.74 6.18 7.83 6.18 -0.29 0.01 0 0
9.91 0 18.62 5.5 0 0 17.74 6.18 7.83 6.18 0 -0.01 0 0
9.91 0 18.62 5.5 -9.36E-005 0 17.74 6.18 7.83 6.18 0 -0.01 0 0
9.91 0 18.62 5.5 -5.74E-005 0 17.74 6.18 7.83 6.18 0 0 0.07 0
9.91 0 18.65 5.5 0.06 0 17.74 6.18 7.83 6.18 0 0 0.07 0
9.91 0 18.73 5.5 0.09 0 17.74 6.18 7.83 6.18 0 0 0.07 0
9.91 0 18.83 5.5 0.11 -6.19E-005 17.74 6.18 7.83 6.18 -0.35 0.01 0.07 0
9.91 0 18.95 5.5 0.12 -3.78E-005 17.74 6.18 7.83 6.18 -0.35 0.01 0 0
9.91 0 19.05 5.5 0.08 -2.30E-005 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.11 5.5 0.05 -1.39E-005 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.14 5.5 0.03 -8.40E-006 17.74 6.18 7.83 6.18 0.35 -0.01 0 0
9.91 0 19.17 5.5 0.02 -5.01E-006 17.74 6.18 7.83 6.18 0.35 -0.01 0 0
9.91 0 19.18 5.5 0.01 -2.93E-006 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.19 5.5 0.01 -1.66E-006 17.74 6.18 7.83 6.18 0 -0.01 0 0
9.91 0 19.19 5.5 0 -8.78E-007 17.74 6.18 7.83 6.18 0 -0.01 0 0
9.91 0 19.2 5.5 0 -4.01E-007 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.2 5.5 0 -1.09E-007 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.2 5.5 0 6.96E-008 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.2 5.5 0 1.79E-007 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.2 5.5 0 2.46E-007 17.74 6.18 7.83 6.18 -0.37 0 0 0
9.91 0 19.2 5.5 0 2.87E-007 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.2 5.5 -7.27E-005 3.12E-007 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.2 5.5 0 3.28E-007 17.74 6.18 7.83 6.18 0.34 -0.01 0 0
9.91 0 19.2 5.5 0 3.37E-007 17.74 6.18 7.83 6.18 0.34 -0.01 0 0
9.91 0 19.2 5.5 0 3.43E-007 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.2 5.5 0 3.46E-007 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.2 5.5 0 3.49E-007 17.74 6.18 7.83 6.18 -0.36 0 0 0
9.91 0 19.2 5.5 0 3.50E-007 17.74 6.18 7.83 6.18 -0.36 0 0 0
9.91 0 19.2 5.5 5.45E-005 3.51E-007 17.74 6.18 7.83 6.18 0.34 -0.01 0 0
9.91 0 19.2 5.5 3.30E-005 3.51E-007 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.2 5.5 1.99E-005 3.51E-007 17.74 6.18 7.83 6.18 0 0.01 0 0
9.91 0 19.2 5.5 1.19E-005 3.52E-007 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.2 5.5 6.97E-006 3.52E-007 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.2 5.5 3.97E-006 3.52E-007 17.74 6.18 7.83 6.18 0 0 0 0
9.91 0 19.15 5.48 0 -2.96E-005 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 19.1 5.46 0 -0.01 16.95 4.85 7.04 4.85 0.37 -0.01 0 0
9.91 0 19.05 5.44 0 -0.01 16.95 4.85 7.04 4.85 0.37 -0.01 0 0
9.91 0 19.01 5.43 0 0 16.95 4.85 7.04 4.85 -0.7 0.01 0 0
9.91 0 18.96 5.41 -8.14E-005 -0.01 16.95 4.85 7.04 4.85 0.37 -0.01 0 0
9.91 0 18.92 5.39 0 -0.01 16.95 4.85 7.04 4.85 0.37 -0.01 0 0
9.91 0 18.88 5.38 0 0 16.95 4.85 7.04 4.85 -0.33 0.01 0 0
9.91 0 18.84 5.37 0 0.01 16.95 4.85 7.04 4.85 -0.33 0.01 0 0
9.91 0 18.8 5.37 0 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.73 5.33 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 18.66 5.3 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 18.6 5.26 0 5.38E-005 15.51 3.6 5.6 3.6 0 0 0.1 0
9.91 0 18.58 5.23 0.07 -3.03E-006 15.51 3.6 5.6 3.6 0 0 0.1 0
9.91 0 18.62 5.2 0.12 -2.13E-005 15.51 3.6 5.6 3.6 0 0 0.1 0
9.91 0 18.69 5.17 0.15 -2.70E-005 15.51 3.6 5.6 3.6 0 0 0.1 0
9.91 0 18.79 5.14 0.17 -2.85E-005 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 18.85 5.11 0.1 -0.01 15.51 3.6 5.6 3.6 0.36 -0.01 0 0
9.91 0 18.87 5.08 0.06 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 18.86 5.05 0.04 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 18.85 5.04 0.02 0.01 16.91 4.6 7 4.6 -0.33 0.01 0 0
9.91 0 18.83 5.04 0.01 0.01 16.91 4.6 7 4.6 -0.33 0.01 0 0
9.91 0 18.81 5.04 0.01 0 16.91 4.6 7 4.6 0.35 -0.01 0 0
9.91 0 18.78 5.03 0.01 -0.01 16.91 4.6 7 4.6 0.35 -0.01 0 0
9.91 0 18.75 5.02 0 0 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 18.72 5.02 0 0.01 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 18.69 5.02 0 0.01 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.66 5.01 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -1.24E-007 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -4.10E-007 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -5.87E-007 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -6.98E-007 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -7.67E-007 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -8.09E-007 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -8.36E-007 9.69E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -8.52E-007 5.93E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -8.63E-007 3.62E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -8.69E-007 2.21E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -8.73E-007 1.34E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 0 8.15E-006 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 18.63 5.01 0 4.91E-006 16.91 4.6 7 4.6 0.33 0 0 0
9.91 0 18.63 5.01 0 2.93E-006 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 18.63 5.01 0 1.71E-006 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 18.63 5.01 0 9.65E-007 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 18.63 5.01 0 5.09E-007 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 18.63 5.01 6.60E-005 2.30E-007 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 18.63 5.01 0 5.90E-008 16.91 4.6 7 4.6 -0.18 0 0 0
9.91 0 18.63 5.01 0 -4.57E-008 16.91 4.6 7 4.6 -0.18 0 0 0
9.91 0 18.63 5.01 0 -1.10E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 0 -1.49E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -9.26E-005 -1.73E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 -5.70E-005 -1.88E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 18.63 5.01 0 -1.97E-007 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 18.63 5.01 0 -2.02E-007 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 18.63 5.01 0 -2.06E-007 16.91 4.6 7 4.6 -0.37 0 0 0
9.91 0 18.63 5.01 0 -2.08E-007 16.91 4.6 7 4.6 0 0 0 0
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9.91 0 18.59 5.02 0 2.58E-005 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 18.56 5.02 0 4.08E-005 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 18.53 5.03 0 4.93E-005 17.01 5.28 7.1 5.28 0 0 0.05 0
9.91 0 18.52 5.03 0.04 2.56E-005 17.01 5.28 7.1 5.28 0 0 0.05 0
9.91 0 18.53 5.04 0.06 1.41E-005 17.01 5.28 7.1 5.28 0 0 0.05 0
9.91 0 18.57 5.04 0.07 8.53E-006 17.01 5.28 7.1 5.28 0 0 0.05 0
9.91 0 18.62 5.05 0.08 6.02E-006 17.01 5.28 7.1 5.28 0.36 0 0.05 0
9.91 0 18.67 5.05 0.09 4.95E-006 17.01 5.28 7.1 5.28 0.36 0 0 0
9.91 0 18.71 5.06 0.06 -0.01 17.01 5.28 7.1 5.28 0.69 -0.01 0 0
9.91 0 18.75 5.05 0.03 0 17.01 5.28 7.1 5.28 0.69 -0.01 0 0
9.91 0 18.78 5.05 0.02 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 18.8 5.05 0.01 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 18.81 5.05 0.01 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 18.81 5.05 0.01 0 17.01 5.28 7.1 5.28 0.36 0 0 0
9.91 0 18.82 5.05 0 0 17.01 5.28 7.1 5.28 0.36 0 0 0
9.91 0 18.82 5.05 0 0 17.01 5.28 7.1 5.28 0.35 0 0 0
9.91 0 18.83 5.05 0 0 17.01 5.28 7.1 5.28 0.35 0 0 0
9.91 0 18.83 5.05 0 -6.96E-005 17.01 5.28 7.1 5.28 0.35 -0.01 0 0
9.91 0 18.83 5.05 0 -4.25E-005 17.01 5.28 7.1 5.28 0.35 -0.01 0 0
9.91 0 18.83 5.05 0 -2.60E-005 17.01 5.28 7.1 5.28 -0.33 0.01 0 0
9.91 0 18.83 5.05 0 -1.59E-005 17.01 5.28 7.1 5.28 -0.33 0.01 0 0
9.91 0 18.83 5.05 -9.00E-005 -9.67E-006 17.01 5.28 7.1 5.28 0 -0.01 0 0
9.91 0 18.83 5.05 0 -5.88E-006 17.01 5.28 7.1 5.28 0.36 0 0 0
9.91 0 18.83 5.05 0 -3.55E-006 17.01 5.28 7.1 5.28 0.36 0 0 0
9.91 0 18.83 5.05 0 -2.13E-006 17.01 5.28 7.1 5.28 -0.75 0.01 0 0
9.91 0 18.83 5.05 0 -1.26E-006 17.01 5.28 7.1 5.28 -0.75 0.01 0 0
9.91 0 18.83 5.05 0 -7.22E-007 17.01 5.28 7.1 5.28 0.36 -0.01 0 0
9.91 0 18.83 5.14 0 -0.01 19.07 9.26 9.16 9.26 0.36 -0.01 0 0
9.91 0 18.84 5.23 0 0 19.07 9.26 9.16 9.26 0 0.01 0 0
9.91 0 18.84 5.33 0 0.01 19.07 9.26 9.16 9.26 0 0.01 0 0
9.91 0 18.85 5.42 0 0 19.07 9.26 9.16 9.26 0.37 -0.01 0 0
9.91 0 18.85 5.5 0 0.01 19.07 9.26 9.16 9.26 -0.37 0.01 0 0
9.91 0 18.86 5.59 0 0.01 19.07 9.26 9.16 9.26 -0.37 0.01 0 0
9.91 0 18.86 5.67 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 18.87 5.75 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 18.87 5.82 0 -0.01 19.07 9.26 9.16 9.26 0 -0.01 0 0
9.91 0 18.83 5.8 0 -0.01 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 18.79 5.77 0 0 16.95 4.85 7.04 4.85 -0.32 0.01 0 0
9.91 0 18.76 5.76 0 0.01 16.95 4.85 7.04 4.85 -0.32 0.01 0 0
9.91 0 18.72 5.75 0 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.69 5.73 -2.82E-005 0 16.95 4.85 7.04 4.85 0.37 0 0.07 0
9.91 0 18.69 5.72 0.06 0 16.95 4.85 7.04 4.85 0.37 0 0.07 0
9.91 0 18.73 5.7 0.09 6.61E-005 16.95 4.85 7.04 4.85 -0.36 0 0.07 0
9.91 0 18.79 5.68 0.11 1.11E-005 16.95 4.85 7.04 4.85 -0.36 0 0.07 0
9.91 0 18.88 5.67 0.12 -6.77E-006 16.95 4.85 7.04 4.85 0.35 0 0 0
9.91 0 18.94 5.65 0.08 -1.25E-005 16.95 4.85 7.04 4.85 0.35 0 0 0
9.91 0 18.96 5.64 0.05 -1.42E-005 16.95 4.85 7.04 4.85 -0.28 0 0 0
9.91 0 18.96 5.63 0.03 -1.45E-005 16.95 4.85 7.04 4.85 -0.28 0 0 0
9.91 0 18.95 5.61 0.02 -1.45E-005 16.95 4.85 7.04 4.85 0.33 0 0 0
9.91 0 18.93 5.6 0.01 -1.43E-005 16.95 4.85 7.04 4.85 0.33 0 0 -0.07
9.91 0 18.9 5.57 0.01 -0.04 16.95 4.85 7.04 4.85 0.77 -0.01 0 -0.07
9.91 0 18.88 5.51 0.01 -0.05 16.95 4.85 7.04 4.85 0.77 -0.01 0 -0.07
9.91 0 18.85 5.45 0 -0.04 16.95 4.85 7.04 4.85 -0.71 0.01 0 -0.07
9.91 0 18.82 5.39 0 -0.05 16.95 4.85 7.04 4.85 0.36 -0.01 0 -0.07
9.91 0 18.82 5.32 0 -0.09 16.95 4.85 7.04 4.85 0.36 -0.01 0 0
9.91 0 18.82 5.25 7.28E-005 -0.05 16.95 4.85 7.04 4.85 -0.63 0.01 0 0
9.91 0 18.82 5.21 0 -0.03 16.95 4.85 7.04 4.85 -0.63 0.01 0 0
9.91 0 18.82 5.18 0 -0.02 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 5.16 0 -0.01 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 5.15 0 -0.01 16.95 4.85 7.04 4.85 0.36 -0.01 0 -0.05
9.91 0 18.82 5.13 0 -0.04 16.95 4.85 7.04 4.85 0.36 -0.01 0 -0.05
9.91 0 18.82 5.07 0 -0.06 16.95 4.85 7.04 4.85 -0.38 0.02 0 -0.05
9.91 0 18.82 5 -7.00E-005 -0.08 16.95 4.85 7.04 4.85 0 0 0 -0.05
9.91 0 18.82 4.92 -4.32E-005 -0.08 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 4.86 -2.68E-005 -0.05 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 4.81 -1.67E-005 -0.03 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 4.79 0 -0.02 16.95 4.85 7.04 4.85 0.36 0 0 0
9.91 0 18.82 4.77 0 -0.01 16.95 4.85 7.04 4.85 0.36 0 0 0
9.91 0 18.82 4.77 0 -0.01 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 4.76 0 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 18.82 4.76 0 0 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 18.82 4.75 0 0 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 18.75 4.73 0 0 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.69 4.7 0 0 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.63 4.68 0 0.01 15.49 3.53 5.58 3.53 -0.34 0.01 0 0
9.91 0 18.57 4.67 0 0 15.49 3.53 5.58 3.53 0.36 0 0 0
9.91 0 18.51 4.65 0 0 15.49 3.53 5.58 3.53 0.36 0 0 0
9.91 0 18.45 4.63 0 0 15.49 3.53 5.58 3.53 -0.36 0 0 0
9.91 0 18.39 4.61 0 5.14E-005 15.49 3.53 5.58 3.53 -0.36 0 0 0
9.91 0 18.34 4.59 0 6.33E-006 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.29 4.57 0 -4.21E-005 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.31 4.69 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 18.33 4.81 0 0 19.49 11.48 9.58 11.48 0 0 0.05 0
9.91 0 18.37 4.93 0.04 0 19.49 11.48 9.58 11.48 0 0 0.05 0
9.91 0 18.44 5.04 0.06 0 19.49 11.48 9.58 11.48 0.36 0 0.05 0
9.91 0 18.52 5.15 0.08 0 19.49 11.48 9.58 11.48 0.36 0 0.05 0
9.91 0 18.62 5.25 0.08 -0.01 19.49 11.48 9.58 11.48 0 -0.01 0.05 0
9.91 0 18.72 5.35 0.09 -0.01 19.49 11.48 9.58 11.48 0 -0.01 0 0
9.91 0 18.8 5.45 0.05 0 19.49 11.48 9.58 11.48 0.35 0 0 0
9.91 0 18.86 5.54 0.03 0 19.49 11.48 9.58 11.48 0.35 0 0 0
9.91 0 18.86 5.55 0.02 0.01 17.72 5.96 7.81 5.96 -0.37 0.01 0 0
9.91 0 18.86 5.56 0.01 0 17.72 5.96 7.81 5.96 0 0 0 0
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9.91 0 18.85 5.57 0.01 0 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 18.84 5.58 0 0 17.72 5.96 7.81 5.96 -0.34 0 0 0
9.91 0 18.82 5.58 0 8.03E-005 17.72 5.96 7.81 5.96 -0.34 0 0 0
9.91 0 18.81 5.59 0 3.11E-005 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 18.79 5.59 0 1.49E-005 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 18.77 5.6 0 9.50E-006 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 18.75 5.61 0 7.65E-006 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 18.76 5.61 0 4.70E-006 17.72 5.96 7.81 5.96 0.72 -0.03 0 0
9.91 0 18.76 5.61 0 2.91E-006 17.72 5.96 7.81 5.96 -0.35 0.01 0 0
9.91 0 18.76 5.61 0 1.83E-006 17.72 5.96 7.81 5.96 -0.35 0.01 0 0
9.91 0 18.76 5.61 0 1.17E-006 17.72 5.96 7.81 5.96 0 0.01 0 0
9.91 0 18.76 5.61 0 7.79E-007 17.72 5.96 7.81 5.96 0 0.01 0 0
9.91 0 18.76 5.61 -9.49E-005 5.41E-007 17.72 5.96 7.81 5.96 0 -0.01 0 0
9.91 0 18.75 5.61 -5.82E-005 3.98E-007 17.72 5.96 7.81 5.96 0 -0.01 0 0
9.91 0 18.76 5.61 0 3.12E-007 17.72 5.96 7.81 5.96 0.36 0 0 0
9.91 0 18.75 5.61 0 2.61E-007 17.72 5.96 7.81 5.96 -0.7 0.01 0 0
9.91 0 18.75 5.61 0 2.30E-007 17.72 5.96 7.81 5.96 -0.7 0.01 0 0
9.91 0 18.75 5.61 0 2.11E-007 17.72 5.96 7.81 5.96 0 0 0 0
9.91 0 18.75 5.61 0 2.00E-007 17.72 5.96 7.81 5.96 0 0 0.05 0
9.91 0 18.77 5.61 0.04 1.93E-007 17.72 5.96 7.81 5.96 0.34 -0.01 0.05 0
9.91 0 18.82 5.61 0.06 1.89E-007 17.72 5.96 7.81 5.96 0.34 -0.01 0.05 0
9.91 0 18.89 5.61 0.07 1.87E-007 17.72 5.96 7.81 5.96 -0.37 0.01 0.05 0
9.91 0 18.97 5.61 0.08 1.85E-007 17.72 5.96 7.81 5.96 -0.37 0.01 0.05 0
9.91 0 19.05 5.61 0.09 1.84E-007 17.72 5.96 7.81 5.96 0.36 0 0.1 0
9.91 0 19.17 5.61 0.13 1.84E-007 17.72 5.96 7.81 5.96 0.36 -0.01 0.1 0
9.91 0 19.31 5.61 0.16 1.84E-007 17.72 5.96 7.81 5.96 0.36 -0.01 0.1 0
9.91 0 19.47 5.61 0.17 1.83E-007 17.72 5.96 7.81 5.96 -0.68 0.01 0.1 0
9.91 0 19.64 5.61 0.18 1.83E-007 17.72 5.96 7.81 5.96 -0.68 0.01 0 0
9.91 0 19.78 5.61 0.11 1.83E-007 17.72 5.96 7.81 5.96 0.35 0 0 0
9.91 0 19.87 5.61 0.07 1.83E-007 17.72 5.96 7.81 5.96 0.35 0 0 0
9.91 0 19.92 5.61 0.04 1.83E-007 17.72 5.96 7.81 5.96 0.39 -0.01 0 0
9.91 0 19.96 5.61 0.02 1.83E-007 17.72 5.96 7.81 5.96 -0.35 0 0 0
9.91 0 19.98 5.61 0.01 1.83E-007 17.72 5.96 7.81 5.96 -0.35 0 0 0
9.91 0 19.99 5.61 0.01 1.83E-007 17.72 5.96 7.81 5.96 0 0.01 0 0
9.91 0 19.99 5.61 0.01 1.83E-007 17.72 5.96 7.81 5.96 0 0.01 0 0
9.91 0 19.93 5.58 0 -0.01 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 19.87 5.55 0 -0.01 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 19.82 5.53 0 0 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 19.76 5.51 0 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 19.7 5.5 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.65 5.49 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.59 5.47 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.54 5.46 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 8.16E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 4.99E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 3.04E-005 16.91 4.6 7 4.6 -0.33 0 0 0
9.91 0 19.49 5.44 0 1.85E-005 16.91 4.6 7 4.6 -0.33 0 0 0
9.91 0 19.49 5.44 0 1.12E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 6.70E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 3.94E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 0 2.25E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.49 5.44 -7.29E-005 1.22E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 19.4 5.39 0 -9.94E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 19.32 5.35 0 -8.37E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 19.25 5.31 0 -6.18E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 19.17 5.27 0 -4.87E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 19.1 5.23 -6.61E-005 -0.01 15.41 3.24 5.5 3.24 0.36 -0.01 0 0
9.91 0 19.03 5.18 0 -0.01 15.41 3.24 5.5 3.24 0.36 -0.01 0 0
9.91 0 18.96 5.14 -8.11E-005 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 18.89 5.1 0 0 15.41 3.24 5.5 3.24 0.37 0 0 0
9.91 0 18.83 5.07 0 0 15.41 3.24 5.5 3.24 0.37 0 0 0
9.91 0 18.83 5.07 0 0 15.41 3.24 5.5 3.24 -0.71 0.01 0 0
9.91 0 18.83 5.07 0 0 15.41 3.24 5.5 3.24 -0.71 0.01 0 0
9.91 0 18.83 5.07 0 -7.80E-005 15.41 3.24 5.5 3.24 0.35 -0.01 0.05 0
9.91 0 18.85 5.07 0.04 -4.80E-005 15.41 3.24 5.5 3.24 0.35 -0.01 0.05 0
9.91 0 18.9 5.07 0.06 -2.97E-005 15.41 3.24 5.5 3.24 0 0.01 0.05 0
9.91 0 18.97 5.07 0.08 -1.85E-005 15.41 3.24 5.5 3.24 0.74 -0.01 0.05 0
9.91 0 19.05 5.07 0.09 -1.17E-005 15.41 3.24 5.5 3.24 0.74 -0.01 0.05 0
9.91 0 19.13 5.07 0.09 -7.51E-006 15.41 3.24 5.5 3.24 -0.35 0 0 0
9.91 0 19.2 5.07 0.05 -4.95E-006 15.41 3.24 5.5 3.24 -0.35 0 0 0
9.91 0 19.2 5.07 0.03 0.01 16.95 4.85 7.04 4.85 -0.34 0.01 0 0
9.91 0 19.18 5.07 0.02 0.01 16.95 4.85 7.04 4.85 -0.34 0.01 0 0
9.91 0 19.15 5.08 0.01 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 19.12 5.07 0.01 0 16.95 4.85 7.04 4.85 0 0 0.1 0
9.91 0 19.12 5.07 0.08 0 16.95 4.85 7.04 4.85 0 0 0.1 0
9.91 0 19.18 5.06 0.12 -0.01 16.95 4.85 7.04 4.85 0.38 -0.01 0.1 0
9.91 0 19.28 5.05 0.15 -0.01 16.95 4.85 7.04 4.85 0.38 -0.01 0.1 0
9.91 0 19.39 5.05 0.17 0 16.95 4.85 7.04 4.85 -0.69 0.01 0.07 0
9.91 0 19.5 5.05 0.16 0.01 16.95 4.85 7.04 4.85 -0.69 0.01 0.07 0
9.91 0 19.66 5.05 0.15 0 16.95 4.85 7.04 4.85 0.67 -0.01 0.07 0
9.91 0 19.81 5.06 0.15 0 16.95 4.85 7.04 4.85 0.67 -0.01 0.07 0
9.91 0 19.96 5.06 0.15 0 16.95 4.85 7.04 4.85 -0.36 0.01 0.07 0
9.91 0 20.11 5.06 0.15 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 20.22 5.06 0.09 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 20.29 5.06 0.05 0 16.95 4.85 7.04 4.85 -0.71 0 0 0
9.91 0 20.33 5.06 0.03 0 16.95 4.85 7.04 4.85 -0.71 0 0 0
9.91 0 20.36 5.06 0.02 0 16.95 4.85 7.04 4.85 0.34 0 0 0
9.91 0 20.38 5.06 0.01 9.10E-005 16.95 4.85 7.04 4.85 0.34 0 0 0
9.91 0 20.27 5.01 0.01 -9.17E-005 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 20.17 4.96 0.01 -9.09E-005 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 20.07 4.92 0 -7.06E-005 14.6 2.46 4.69 2.46 0 0 0 0
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9.91 0 19.96 4.87 0 -5.70E-005 14.6 2.46 4.69 2.46 -0.36 0 0 0
9.91 0 19.86 4.83 0 -4.98E-005 14.6 2.46 4.69 2.46 -0.36 0 0 0
9.91 0 19.77 4.78 -7.45E-005 -4.63E-005 14.6 2.46 4.69 2.46 0.35 0 0 0
9.91 0 19.67 4.74 0 -4.44E-005 14.6 2.46 4.69 2.46 0.35 0 0 0
9.91 0 19.58 4.7 0 -4.32E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.49 4.66 0 -4.23E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.49 4.66 0 -2.60E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.49 4.66 0 -1.61E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.49 4.66 0 -1.02E-005 14.6 2.46 4.69 2.46 -0.33 0 0 0
9.91 0 19.49 4.66 0 -6.55E-006 14.6 2.46 4.69 2.46 0.36 -0.01 0 0
9.91 0 19.49 4.66 0 -4.39E-006 14.6 2.46 4.69 2.46 0.36 -0.01 0 0
9.91 0 19.49 4.66 0 -3.09E-006 14.6 2.46 4.69 2.46 0.37 0 0 0
9.91 0 19.49 4.66 0 -2.31E-006 14.6 2.46 4.69 2.46 0.37 0 0 0
9.91 0 19.49 4.66 0 -1.84E-006 14.6 2.46 4.69 2.46 -0.7 0.01 0 0
9.91 0 19.49 4.66 0 -1.56E-006 14.6 2.46 4.69 2.46 -0.7 0.01 0 0
9.91 0 19.49 4.66 0 -1.39E-006 14.6 2.46 4.69 2.46 0.37 0 0 0
9.91 0 19.48 4.66 0 -1.29E-006 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.48 4.66 -8.78E-005 -1.23E-006 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.48 4.66 0 -1.19E-006 14.6 2.46 4.69 2.46 -0.35 0 0 0
9.91 0 19.48 4.66 0 -1.17E-006 14.6 2.46 4.69 2.46 -0.35 0 0 0
9.91 0 19.48 4.66 0 -1.16E-006 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.48 4.66 0 -1.15E-006 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.48 4.66 0 -1.14E-006 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.48 4.66 0 -1.14E-006 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 19.39 4.63 0 -7.52E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 19.31 4.59 -4.98E-006 -0.01 15.35 3.03 5.44 3.03 0.32 -0.01 0 0
9.91 0 19.23 4.55 0 -0.01 15.35 3.03 5.44 3.03 0.32 -0.01 0 0
9.91 0 19.15 4.52 0 0 15.35 3.03 5.44 3.03 -0.71 0.01 0 0
9.91 0 19.07 4.49 0 0.01 15.35 3.03 5.44 3.03 -0.71 0.01 0 0
9.91 0 19 4.47 0 0 15.35 3.03 5.44 3.03 0.73 -0.01 0 0
9.91 0 18.93 4.44 0 -0.01 15.35 3.03 5.44 3.03 0.73 -0.01 0 0
9.91 0 18.86 4.4 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 18.79 4.38 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 18.58 4.31 0 0.01 7.65 0.36 2.26 0.36 -0.36 0.01 0 0
9.91 0 18.37 4.25 0 0 7.65 0.36 2.26 0.36 0.32 0 0 0
9.91 0 18.17 4.18 0 0 7.65 0.36 2.26 0.36 0.32 0 0 0
9.91 0 17.98 4.11 0 0 7.65 0.36 2.26 0.36 -0.35 0 0 0
9.91 0 17.79 4.05 0 3.01E-005 7.65 0.36 2.26 0.36 -0.35 0 0 0
9.91 0 17.6 3.98 0 -6.73E-005 7.65 0.36 2.26 0.36 0 0 0.1 0
9.91 0 17.46 3.92 0.07 0 7.65 0.36 2.26 0.36 0 0 0.1 0
9.91 0 17.39 3.87 0.12 0.01 7.65 0.36 2.26 0.36 -0.76 0.01 0.1 0
9.91 0 17.34 3.82 0.15 0.01 7.65 0.36 2.26 0.36 -0.76 0.01 0.1 0
9.91 0 17.5 3.82 0.16 0.01 7.65 0.36 2.26 0.36 -0.94 0 0 0
9.91 0 17.62 3.83 0.1 0 7.65 0.36 2.26 0.36 -0.94 0 0 0
9.91 0 17.7 3.83 0.06 0 7.65 0.36 2.26 0.36 0.94 -0.01 0 0
9.91 0 17.75 3.83 0.04 0 7.65 0.36 2.26 0.36 -0.33 0.01 0 0
9.91 0 17.78 3.83 0.02 0 7.65 0.36 2.26 0.36 -0.33 0.01 0 0
9.91 0 17.8 3.83 0.01 0 7.65 0.36 2.26 0.36 0 0 0.05 0
9.91 0 17.83 3.83 0.05 0 7.65 0.36 2.26 0.36 0 0 0.05 0
9.91 0 17.88 3.83 0.07 0 7.65 0.36 2.26 0.36 0.34 0 0.05 0
9.91 0 17.96 3.83 0.08 0 7.65 0.36 2.26 0.36 0.34 0 0.05 0
9.91 0 18.04 3.83 0.09 6.61E-005 7.65 0.36 2.26 0.36 0 -0.01 0.05 0
9.91 0 18.12 3.83 0.09 3.98E-005 7.65 0.36 2.26 0.36 0 -0.01 0 0
9.91 0 18.2 3.83 0.06 2.37E-005 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.24 3.83 0.03 1.38E-005 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.26 3.83 0.02 7.76E-006 7.65 0.36 2.26 0.36 0 0.01 0 0
9.91 0 18.28 3.83 0.01 4.06E-006 7.65 0.36 2.26 0.36 0 0.01 0 0
9.91 0 18.29 3.83 0.01 1.79E-006 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.29 3.83 0 4.06E-007 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -4.44E-007 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -9.64E-007 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -1.28E-006 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -1.48E-006 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -1.60E-006 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -1.67E-006 7.65 0.36 2.26 0.36 0 0 0 0
9.91 0 18.3 3.83 0 -1.72E-006 7.65 0.36 2.26 0.36 0 -0.01 0 0
9.91 0 18.3 3.83 8.64E-005 -1.74E-006 7.65 0.36 2.26 0.36 0 -0.01 0 0
9.91 0 18.3 3.83 5.07E-005 -1.76E-006 7.65 0.36 2.26 0.36 0 0.01 0 0
9.91 0 18.3 3.83 2.89E-005 -1.77E-006 7.65 0.36 2.26 0.36 0 0.01 0 0
9.91 0 18.23 3.8 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 18.17 3.78 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 -0.05
9.91 0 18.11 3.74 0 -0.02 15.35 3.03 5.44 3.03 0 0 0 -0.05
9.91 0 18.05 3.7 0 -0.02 15.35 3.03 5.44 3.03 -0.74 0.02 0 -0.05
9.91 0 17.99 3.66 0 -0.02 15.35 3.03 5.44 3.03 -0.74 0.02 0 -0.05
9.91 0 17.94 3.62 0 -0.03 15.35 3.03 5.44 3.03 0.67 0 0 0
9.91 0 17.88 3.59 0 -0.01 15.35 3.03 5.44 3.03 0.67 0 0 0
9.91 0 17.83 3.58 0 0 15.35 3.03 5.44 3.03 -0.71 0 0 0
9.91 0 17.83 3.58 0 0 15.35 3.03 5.44 3.03 0.77 -0.02 0 0
9.91 0 17.83 3.57 0 0 15.35 3.03 5.44 3.03 0.77 -0.02 0 0
9.91 0 17.84 3.57 0 0 15.35 3.03 5.44 3.03 -0.32 0.01 0 0
9.91 0 17.84 3.57 0 0 15.35 3.03 5.44 3.03 -0.32 0.01 0 0
9.91 0 17.84 3.57 0 0 15.35 3.03 5.44 3.03 0.69 -0.01 0 0
9.91 0 17.84 3.57 0 0 15.35 3.03 5.44 3.03 0.69 -0.01 0 0
9.91 0 17.84 3.57 0 -9.41E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.84 3.57 0 -5.77E-005 15.35 3.03 5.44 3.03 -0.74 0.01 0 0
9.91 0 17.84 3.57 0 -3.54E-005 15.35 3.03 5.44 3.03 -0.74 0.01 0 0
9.91 0 17.84 3.57 0 -2.18E-005 15.35 3.03 5.44 3.03 0.72 -0.01 0 0
9.91 0 17.84 3.57 0 -1.35E-005 15.35 3.03 5.44 3.03 0.72 -0.01 0 0
9.91 0 17.84 3.57 0 -8.35E-006 15.35 3.03 5.44 3.03 -0.31 0 0 0
9.91 0 17.84 3.57 0 -5.22E-006 15.35 3.03 5.44 3.03 -0.31 0 0 0
9.91 0 17.84 3.57 0 -3.30E-006 15.35 3.03 5.44 3.03 -0.38 0.01 0 0
9.91 0 17.84 3.57 9.57E-005 -2.13E-006 15.35 3.03 5.44 3.03 0.37 -0.01 0 0
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9.91 0 17.84 3.57 0 -1.41E-006 15.35 3.03 5.44 3.03 0.37 -0.01 0.1 0
9.91 0 17.88 3.57 0.08 -9.74E-007 15.35 3.03 5.44 3.03 0 0.01 0.1 0
9.91 0 17.98 3.57 0.12 -7.05E-007 15.35 3.03 5.44 3.03 0 0.01 0.1 0
9.91 0 18.11 3.57 0.15 -5.40E-007 15.35 3.03 5.44 3.03 0 0 0.1 0
9.91 0 18.21 3.57 0.17 -2.24E-006 15.49 3.53 5.58 3.53 0 0 0.1 0
9.91 0 18.32 3.56 0.18 -0.01 15.49 3.53 5.58 3.53 0.35 -0.01 0 0
9.91 0 18.39 3.56 0.11 0 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.41 3.56 0.07 0 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.4 3.56 0.04 0 15.49 3.53 5.58 3.53 -0.36 0 0 0
9.91 0 18.36 3.56 0.02 -7.18E-005 15.49 3.53 5.58 3.53 -0.36 0 0 0
9.91 0 18.32 3.56 0.01 0.01 15.49 3.53 5.58 3.53 0 0.01 0 0
9.91 0 18.27 3.56 0.01 0.01 15.49 3.53 5.58 3.53 0 0.01 0 0
9.91 0 18.22 3.57 0.01 0 15.49 3.53 5.58 3.53 0 0 0 0
9.91 0 18.22 3.61 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 18.21 3.66 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 18.2 3.7 0 0 17.69 5.68 7.78 5.68 -0.34 0 0 0
9.91 0 18.19 3.73 0 6.90E-005 17.69 5.68 7.78 5.68 -0.34 0 0 0
9.91 0 18.18 3.77 0 -0.01 17.69 5.68 7.78 5.68 0.74 -0.01 0 0
9.91 0 18.17 3.8 0 -0.01 17.69 5.68 7.78 5.68 0.74 -0.01 0 0
9.91 0 18.16 3.83 0 0 17.69 5.68 7.78 5.68 -0.73 0.01 0 0
9.91 0 18.15 3.87 0 0.01 17.69 5.68 7.78 5.68 -0.73 0.01 0 0
9.91 0 18.14 3.91 0 0 17.69 5.68 7.78 5.68 0.35 0 0 0
9.91 0 18.14 3.91 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 18.14 3.91 -8.52E-005 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 18.14 3.91 -5.22E-005 0 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 18.14 3.91 -3.20E-005 0 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 18.14 3.91 0 0 17.69 5.68 7.78 5.68 0.36 0 0 0
9.91 0 18.15 3.91 0 0 17.69 5.68 7.78 5.68 0.36 0 0 0
9.91 0 18.15 3.91 -2.30E-005 8.67E-005 17.69 5.68 7.78 5.68 -0.37 0.01 0 0
9.91 0 18.14 3.91 -1.42E-005 5.34E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 18.14 3.91 -8.75E-006 3.31E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 17.94 3.84 0 -0.01 7.66 0.69 2.25 0.69 0.33 -0.01 0 0
9.91 0 17.73 3.77 0 -0.01 7.66 0.69 2.25 0.69 0.33 -0.01 0 0
9.91 0 17.54 3.71 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 17.35 3.65 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 17.16 3.6 0 0.01 7.66 0.69 2.25 0.69 -0.37 0.01 0 0
9.91 0 16.98 3.55 0 0.01 7.66 0.69 2.25 0.69 -0.37 0.01 0 0
9.91 0 16.8 3.5 0 0 7.66 0.69 2.25 0.69 -0.33 -0.01 0 0
9.91 0 16.63 3.45 0 0 7.66 0.69 2.25 0.69 0.75 0 0 0
9.91 0 16.47 3.4 -9.66E-005 0 7.66 0.69 2.25 0.69 0.75 0 0 0
9.91 0 16.47 3.4 0 0 7.66 0.69 2.25 0.69 -0.35 0 0 0
9.91 0 16.46 3.4 0 0 7.66 0.69 2.25 0.69 -0.35 0 0 0
9.91 0 16.46 3.4 0 -9.51E-005 7.66 0.69 2.25 0.69 0 0 0.05 -0.05
9.91 0 16.48 3.38 0.04 -0.04 7.66 0.69 2.25 0.69 0 0 0.05 -0.05
9.91 0 16.53 3.33 0.06 -0.06 7.66 0.69 2.25 0.69 0.38 -0.01 0.05 -0.05
9.91 0 16.6 3.26 0.07 -0.07 7.66 0.69 2.25 0.69 -0.74 0.03 0.05 -0.05
9.91 0 16.68 3.18 0.08 -0.08 7.66 0.69 2.25 0.69 -0.74 0.03 0.05 -0.05
9.91 0 16.76 3.1 0.09 -0.09 7.66 0.69 2.25 0.69 0.35 -0.01 0 0
9.91 0 16.83 3.03 0.05 -0.05 7.66 0.69 2.25 0.69 0.35 -0.01 0 0
9.91 0 16.69 2.97 0.03 -0.01 7.71 0.58 2.2 0.58 0 0.01 0 0
9.91 0 16.54 2.92 0.02 0 7.71 0.58 2.2 0.58 0 0.01 0 0
9.91 0 16.39 2.88 0.01 0 7.71 0.58 2.2 0.58 0 -0.01 0 0
9.91 0 16.23 2.83 0.01 -0.01 7.71 0.58 2.2 0.58 0 -0.01 0 0
9.91 0 16.07 2.78 0 0 7.71 0.58 2.2 0.58 -0.37 0.01 0 0
9.91 0 15.92 2.75 0 0.01 7.71 0.58 2.2 0.58 -0.37 0.01 0 0
9.91 0 15.77 2.72 0 0 7.71 0.58 2.2 0.58 0.24 0 0 0
9.91 0 15.62 2.68 -6.20E-005 0 7.71 0.58 2.2 0.58 0.24 0 0 0
9.91 0 15.48 2.64 -7.57E-005 -0.01 7.71 0.58 2.2 0.58 0.32 -0.01 0 0
9.91 0 15.48 2.64 0 0 7.71 0.58 2.2 0.58 0.32 -0.01 0 0
9.91 0 15.48 2.64 0 0 7.71 0.58 2.2 0.58 -0.95 0.01 0 0
9.91 0 15.47 2.64 0 0 7.71 0.58 2.2 0.58 -0.95 0.01 0 0
9.91 0 15.47 2.63 0 0 7.71 0.58 2.2 0.58 0.7 0 0 0
9.91 0 15.47 2.63 0 0 7.71 0.58 2.2 0.58 0.7 0 0 0
9.91 0 15.47 2.63 2.74E-006 0 7.71 0.58 2.2 0.58 -0.36 0 0 0
9.91 0 15.47 2.63 0 0 7.71 0.58 2.2 0.58 -0.36 0 0 0
9.91 0 15.47 2.63 0 0 7.71 0.58 2.2 0.58 0.38 0 0 0
9.91 0 15.47 2.63 0 -6.49E-005 7.71 0.58 2.2 0.58 0 -0.01 0.05 0
9.91 0 15.56 2.74 0.04 -0.01 19.09 8.86 9.18 8.86 0 -0.01 0.05 0
9.91 0 15.68 2.85 0.06 0 19.09 8.86 9.18 8.86 0.33 0 0.05 0
9.91 0 15.81 2.96 0.08 0 19.09 8.86 9.18 8.86 0.33 0 0.05 0
9.91 0 15.95 3.07 0.08 0.01 19.09 8.86 9.18 8.86 -0.36 0.01 0.05 0
9.91 0 16.1 3.18 0.09 0.01 19.09 8.86 9.18 8.86 -0.36 0.01 0.05 0
9.91 0 16.24 3.28 0.09 0 19.09 8.86 9.18 8.86 0.37 -0.01 0.05 0
9.91 0 16.38 3.38 0.09 0.01 19.09 8.86 9.18 8.86 -0.77 0.02 0.05 0
9.91 0 16.52 3.48 0.09 0.01 19.09 8.86 9.18 8.86 -0.77 0.02 0.05 0
9.91 0 16.66 3.58 0.1 0 19.09 8.86 9.18 8.86 0.35 0 0 0
9.91 0 16.74 3.58 0.06 0 19.09 8.86 9.18 8.86 0.35 0 0 0
9.91 0 16.79 3.58 0.04 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 16.81 3.59 0.02 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 16.83 3.59 0.01 0 19.09 8.86 9.18 8.86 -0.35 0 0 0
9.91 0 16.84 3.59 0.01 0 19.09 8.86 9.18 8.86 -0.35 0 0 0
9.91 0 16.85 3.59 0.01 0 19.09 8.86 9.18 8.86 0.37 0 0 0
9.91 0 16.85 3.59 0 0 19.09 8.86 9.18 8.86 -0.37 0 0 0
9.91 0 16.85 3.59 0 6.31E-005 19.09 8.86 9.18 8.86 -0.37 0 0 0
9.91 0 16.85 3.59 0 3.97E-005 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 16.86 3.61 0 6.88E-005 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 16.86 3.63 0 -0.01 16.95 4.85 7.04 4.85 0.32 -0.01 0 0
9.91 0 16.86 3.65 0 -0.01 16.95 4.85 7.04 4.85 0.32 -0.01 0 0
9.91 0 16.86 3.67 3.98E-005 0 16.95 4.85 7.04 4.85 -0.35 0.01 0 0
9.91 0 16.86 3.69 0 0.01 16.95 4.85 7.04 4.85 -0.35 0.01 0 0
9.91 0 16.87 3.71 0 0 16.95 4.85 7.04 4.85 0.38 -0.01 0 0
9.91 0 16.87 3.73 0 0 16.95 4.85 7.04 4.85 0 0 0 0
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9.91 0 16.87 3.75 0 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 16.87 3.77 7.01E-005 0.01 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.87 3.79 4.53E-005 0.01 16.91 4.6 7 4.6 0 0.01 0.05 0
9.91 0 16.89 3.81 0.04 0 16.91 4.6 7 4.6 0.32 -0.01 0.05 0
9.91 0 16.94 3.82 0.06 -0.01 16.91 4.6 7 4.6 0.32 -0.01 0.05 0
9.91 0 17.01 3.82 0.07 0 16.91 4.6 7 4.6 -0.36 0 0.05 0
9.91 0 17.09 3.84 0.08 0 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.15 3.85 0.05 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.18 3.86 0.03 0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.2 3.88 0.02 0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.21 3.9 0.01 0 16.91 4.6 7 4.6 -0.35 0 0 0
9.91 0 17.25 3.97 0.01 0 19.09 8.86 9.18 8.86 -0.35 0 0 0
9.91 0 17.28 4.05 0 0 19.09 8.86 9.18 8.86 -0.32 0 0 0
9.91 0 17.32 4.12 0 0 19.09 8.86 9.18 8.86 -0.32 0 0 0
9.91 0 17.35 4.19 0 0 19.09 8.86 9.18 8.86 0.71 0 0 0
9.91 0 17.38 4.26 0 9.88E-005 19.09 8.86 9.18 8.86 -0.38 0 0 0
9.91 0 17.4 4.32 0 9.03E-005 19.09 8.86 9.18 8.86 -0.38 0 0 0
9.91 0 17.43 4.39 0 -0.01 19.09 8.86 9.18 8.86 0.36 -0.01 0 0
9.91 0 17.46 4.44 0 -0.01 19.09 8.86 9.18 8.86 0.36 -0.01 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 0 0.01 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 -0.36 0 0 0
9.91 0 17.49 4.5 0 0 19.09 8.86 9.18 8.86 -0.36 0 0 0
9.91 0 17.49 4.5 0 -8.78E-005 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.49 4.5 0 -5.29E-005 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.49 4.5 0 -3.16E-005 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.51 4.56 -7.93E-006 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.54 4.63 9.96E-005 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.57 4.7 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.59 4.76 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 17.62 4.82 0 -0.01 19.09 8.86 9.18 8.86 0.36 -0.01 0 0
9.91 0 17.65 4.88 0 -0.01 19.09 8.86 9.18 8.86 0.36 -0.01 0 0
9.91 0 17.67 4.94 0 0 19.09 8.86 9.18 8.86 -0.3 0.01 0 0
9.91 0 17.69 5 0 0.01 19.09 8.86 9.18 8.86 -0.3 0.01 0 0
9.91 0 17.72 5.06 0 0 19.09 8.86 9.18 8.86 0.64 -0.01 0 0
9.91 0 17.56 4.99 0 -0.01 7.66 0.69 2.25 0.69 0.64 -0.01 0 0
9.91 0 17.39 4.92 0 0 7.66 0.69 2.25 0.69 -0.32 0 0 0
9.91 0 17.24 4.86 0 0 7.66 0.69 2.25 0.69 -0.32 0 0 0
9.91 0 17.08 4.8 0 0.01 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.93 4.75 0 0.01 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 16.78 4.7 0 0 7.66 0.69 2.25 0.69 -0.38 0 0 0
9.91 0 16.64 4.64 0 -0.01 7.66 0.69 2.25 0.69 0.72 -0.01 0 0
9.91 0 16.5 4.58 -2.29E-005 -0.01 7.66 0.69 2.25 0.69 0.72 -0.01 0 0
9.91 0 16.36 4.52 -3.38E-005 -0.01 7.66 0.69 2.25 0.69 0.38 -0.01 0 0
9.91 0 16.36 4.51 0 -0.01 7.66 0.69 2.25 0.69 0.38 -0.01 0 0
9.91 0 16.36 4.51 0 0 7.66 0.69 2.25 0.69 -0.96 0.03 0 0
9.91 0 16.36 4.51 0 0 7.66 0.69 2.25 0.69 -0.96 0.03 0 0
9.91 0 16.35 4.5 0 0 7.66 0.69 2.25 0.69 0.37 0 0 0
9.91 0 16.35 4.5 0 0 7.66 0.69 2.25 0.69 -0.36 0 0 0
9.91 0 16.35 4.5 0 0 7.66 0.69 2.25 0.69 -0.36 0 0 0
9.91 0 16.35 4.5 0 0 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 16.35 4.5 0 0 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 16.35 4.5 0 0 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 16.33 4.47 5.70E-005 -0.01 15.28 2.78 5.37 2.78 0 -0.01 0 0
9.91 0 16.31 4.44 -3.47E-005 0 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.3 4.41 -8.92E-005 0 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.28 4.39 0 0.01 15.28 2.78 5.37 2.78 0 0.01 0 0
9.91 0 16.26 4.37 0 0.01 15.28 2.78 5.37 2.78 0 0.01 0 0
9.91 0 16.25 4.35 0 0 15.28 2.78 5.37 2.78 -0.36 0 0 0
9.91 0 16.23 4.33 0 0 15.28 2.78 5.37 2.78 -0.36 0 0 0
9.91 0 16.21 4.31 0 -0.01 15.28 2.78 5.37 2.78 0.38 -0.01 0 0
9.91 0 16.2 4.28 0 0 15.28 2.78 5.37 2.78 0.37 0 0 0
9.91 0 16.2 4.28 0 0 15.28 2.78 5.37 2.78 0.37 0 0 0
9.91 0 16.2 4.28 1.48E-005 0 15.28 2.78 5.37 2.78 -0.32 0.01 0 0
9.91 0 16.2 4.28 0 0 15.28 2.78 5.37 2.78 -0.32 0.01 0 -0.07
9.91 0 16.2 4.25 0 -0.06 15.28 2.78 5.37 2.78 -0.7 0 0 -0.07
9.91 0 16.2 4.17 0 -0.09 15.28 2.78 5.37 2.78 -0.7 0 0 -0.07
9.91 0 16.19 4.07 0 -0.11 15.28 2.78 5.37 2.78 0 0 0 -0.07
9.91 0 16.19 3.95 0 -0.13 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.85 0 -0.08 15.28 2.78 5.37 2.78 -0.74 0.01 0 0
9.91 0 16.19 3.79 0 -0.05 15.28 2.78 5.37 2.78 0.74 -0.01 0 0
9.91 0 16.19 3.75 0 -0.03 15.28 2.78 5.37 2.78 0.74 -0.01 0 0
9.91 0 16.19 3.73 0 -0.02 15.28 2.78 5.37 2.78 -0.64 0.01 0 0
9.91 0 16.19 3.71 0 -0.01 15.28 2.78 5.37 2.78 -0.64 0.01 0 0
9.91 0 16.19 3.71 0 -0.01 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.7 0 0 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.7 0 0 15.28 2.78 5.37 2.78 -0.36 0 0 0
9.91 0 16.19 3.7 0 0 15.28 2.78 5.37 2.78 0.74 -0.01 0 0
9.91 0 16.19 3.69 0 0 15.28 2.78 5.37 2.78 0.74 -0.01 0 0
9.91 0 16.19 3.69 0 0 15.28 2.78 5.37 2.78 -0.36 0.01 0 0
9.91 0 16.19 3.69 0 0 15.28 2.78 5.37 2.78 -0.36 0.01 0 0
9.91 0 16.19 3.69 0 0 15.28 2.78 5.37 2.78 0.32 0 0 0
9.91 0 16.19 3.69 0 0 15.28 2.78 5.37 2.78 0.32 0 0 0
9.91 0 16.19 3.69 0 -8.04E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.69 0 -4.94E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.69 0 -3.04E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.69 9.03E-005 -1.88E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.69 5.51E-005 -1.17E-005 15.28 2.78 5.37 2.78 0 0 0 0
9.91 0 16.19 3.69 0 -7.35E-006 15.28 2.78 5.37 2.78 -0.35 0 0 0
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9.91 0 16.17 3.68 0 -3.26E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.16 3.67 -9.07E-005 -2.62E-005 15.35 3.03 5.44 3.03 0.34 0 0 0
9.91 0 16.14 3.65 0 -1.90E-005 15.35 3.03 5.44 3.03 0.34 0 0 0
9.91 0 16.13 3.64 0 -0.01 15.35 3.03 5.44 3.03 0.37 -0.01 0.05 0
9.91 0 16.13 3.62 0.04 0 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 16.17 3.61 0.06 0 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 16.22 3.6 0.07 0.01 15.35 3.03 5.44 3.03 0 0.01 0.05 0
9.91 0 16.28 3.6 0.08 0.01 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 16.33 3.59 0.05 0 15.35 3.03 5.44 3.03 0.7 -0.01 0 0
9.91 0 16.35 3.58 0.03 -0.01 15.35 3.03 5.44 3.03 0.7 -0.01 0 0
9.91 0 16.36 3.56 0.02 -0.01 15.35 3.03 5.44 3.03 0.34 -0.01 0 0
9.91 0 16.36 3.54 0.01 -0.01 15.35 3.03 5.44 3.03 0.34 -0.01 0 0
9.91 0 16.35 3.53 0.01 0 15.35 3.03 5.44 3.03 -0.74 0.01 0 0
9.91 0 16.33 3.52 0 0 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 16.32 3.52 0 0 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 16.31 3.51 0 0 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.29 3.5 0 3.77E-005 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.27 3.49 0 6.50E-006 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 16.28 3.49 0 3.96E-006 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 16.28 3.49 0 2.38E-006 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 16.28 3.49 0 1.40E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.28 3.49 0 7.86E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.28 3.49 0 4.03E-007 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 16.28 3.49 7.70E-005 1.63E-007 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 16.28 3.49 4.69E-005 1.23E-008 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.28 3.49 2.85E-005 -8.18E-008 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.28 3.49 0 -1.41E-007 15.35 3.03 5.44 3.03 -0.36 0 0.05 0
9.91 0 16.36 3.64 0.04 0 19.49 11.48 9.58 11.48 -0.36 0 0.05 0
9.91 0 16.46 3.78 0.06 0 19.49 11.48 9.58 11.48 0.36 0 0.05 0
9.91 0 16.59 3.91 0.08 0 19.49 11.48 9.58 11.48 0 0 0.05 0
9.91 0 16.72 4.04 0.08 0 19.49 11.48 9.58 11.48 0 0 0.05 0
9.91 0 16.85 4.17 0.09 -0.01 19.49 11.48 9.58 11.48 0 -0.01 0 0
9.91 0 16.97 4.29 0.05 -0.01 19.49 11.48 9.58 11.48 0 -0.01 0 0
9.91 0 17.05 4.4 0.03 0 19.49 11.48 9.58 11.48 0 0.01 0 0
9.91 0 17.12 4.53 0.02 0.01 19.49 11.48 9.58 11.48 0 0.01 0 0
9.91 0 17.18 4.64 0.01 0 19.49 11.48 9.58 11.48 -0.34 0 0.05 0
9.91 0 17.2 4.64 0.04 0 16.91 4.6 7 4.6 -0.34 0 0.05 0
9.91 0 17.25 4.64 0.06 0 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.32 4.64 0.08 7.96E-005 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.39 4.64 0.09 -0.01 16.91 4.6 7 4.6 0.36 -0.01 0.05 0
9.91 0 17.47 4.64 0.09 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.53 4.63 0.05 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.56 4.64 0.03 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.58 4.64 0.02 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.58 4.65 0.01 0 16.91 4.6 7 4.6 0.35 0 0 0
9.91 0 17.59 4.65 0.01 0 16.91 4.6 7 4.6 0.35 0 0 0
9.91 0 17.6 4.65 0 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.6 4.65 0 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.6 4.65 0 0 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 17.6 4.65 0 0 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.61 4.65 0 0 16.91 4.6 7 4.6 0.37 -0.01 0 0
9.91 0 17.61 4.65 0 9.15E-005 16.91 4.6 7 4.6 -0.34 0.01 0 0
9.91 0 17.61 4.65 0 5.60E-005 16.91 4.6 7 4.6 -0.34 0.01 0 0
9.91 0 17.61 4.65 0 3.43E-005 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 17.61 4.65 0 2.10E-005 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 17.61 4.65 -8.29E-005 1.28E-005 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.61 4.65 0 7.86E-006 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.61 4.65 0 4.80E-006 16.91 4.6 7 4.6 0.34 -0.01 0 0
9.91 0 17.61 4.65 0 2.93E-006 16.91 4.6 7 4.6 -0.72 0.01 0 0
9.91 0 17.6 4.65 0 1.78E-006 16.91 4.6 7 4.6 -0.72 0.01 0 0
9.91 0 17.6 4.65 0 1.08E-006 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.6 4.65 0 6.52E-007 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.6 4.65 0 3.89E-007 16.91 4.6 7 4.6 0.72 -0.01 0 0
9.91 0 17.6 4.65 0 2.28E-007 16.91 4.6 7 4.6 0.72 -0.01 0 0
9.91 0 17.55 4.62 0 0.01 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 17.49 4.58 -8.54E-005 0 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 17.43 4.55 0 0 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 17.38 4.51 0 -0.01 14.6 2.46 4.69 2.46 0.35 -0.01 0 0
9.91 0 17.33 4.46 0 -0.01 14.6 2.46 4.69 2.46 0.35 -0.01 0.05 0
9.91 0 17.3 4.42 0.04 0 14.6 2.46 4.69 2.46 -0.68 0.01 0.05 0
9.91 0 17.3 4.39 0.06 0.01 14.6 2.46 4.69 2.46 -0.68 0.01 0.05 0
9.91 0 17.31 4.37 0.07 0 14.6 2.46 4.69 2.46 0 0 0.05 0
9.91 0 17.39 4.37 0.08 0 14.6 2.46 4.69 2.46 -0.36 0 0 0
9.91 0 17.45 4.37 0.05 0 14.6 2.46 4.69 2.46 -0.36 0 0 0
9.91 0 17.49 4.37 0.03 0 14.6 2.46 4.69 2.46 0.66 -0.01 0 0
9.91 0 17.52 4.37 0.02 0 14.6 2.46 4.69 2.46 0.66 -0.01 0 0
9.91 0 17.54 4.37 0.01 0 14.6 2.46 4.69 2.46 0 0.01 0 0
9.91 0 17.55 4.37 0.01 0 14.6 2.46 4.69 2.46 0 0.01 0 0
9.91 0 17.55 4.37 0 0 14.6 2.46 4.69 2.46 -0.38 0 0 0
9.91 0 17.55 4.37 0 9.09E-005 14.6 2.46 4.69 2.46 -0.38 0 0 0
9.91 0 17.55 4.37 0 5.53E-005 14.6 2.46 4.69 2.46 0 -0.01 0 0
9.91 0 17.55 4.37 0 3.35E-005 14.6 2.46 4.69 2.46 -0.36 0.03 0 0
9.91 0 17.55 4.37 0 2.01E-005 14.6 2.46 4.69 2.46 -0.36 0.03 0 0
9.91 0 17.55 4.37 0 1.19E-005 14.6 2.46 4.69 2.46 -0.32 0 0 0
9.91 0 17.55 4.37 0 6.93E-006 14.6 2.46 4.69 2.46 -0.32 0 0 0
9.91 0 17.55 4.37 -2.89E-005 3.86E-006 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 17.55 4.37 0 1.98E-006 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 17.55 4.37 0 8.29E-007 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 17.55 4.37 0 1.25E-007 14.6 2.46 4.69 2.46 -0.35 0 0 0
9.91 0 17.55 4.37 0 -3.07E-007 14.6 2.46 4.69 2.46 -0.35 0 0 0
9.91 0 17.55 4.37 8.12E-005 -5.71E-007 14.6 2.46 4.69 2.46 0.36 -0.01 0 0
9.91 0 17.55 4.37 0 -7.33E-007 14.6 2.46 4.69 2.46 0.36 -0.01 0 0
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9.91 0 17.55 4.37 0 -8.32E-007 14.6 2.46 4.69 2.46 0 0.01 0 0
9.91 0 17.55 4.37 0 -8.92E-007 14.6 2.46 4.69 2.46 0 0.01 0 0
9.91 0 17.55 4.37 0 -9.30E-007 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 17.55 4.37 7.90E-005 -9.52E-007 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 17.55 4.37 4.77E-005 -9.66E-007 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 17.55 4.37 2.86E-005 -9.75E-007 14.6 2.46 4.69 2.46 0 -0.01 0 0
9.91 0 17.55 4.37 1.69E-005 -9.80E-007 14.6 2.46 4.69 2.46 0 -0.01 0 0
9.91 0 17.55 4.37 0 -9.83E-007 14.6 2.46 4.69 2.46 0.35 0 0 0
9.91 0 17.55 4.37 0 -9.85E-007 14.6 2.46 4.69 2.46 0.35 0 0 0
9.91 0 17.55 4.37 0 -9.86E-007 14.6 2.46 4.69 2.46 -0.98 0.01 0 0
9.91 0 17.55 4.37 0 -9.87E-007 14.6 2.46 4.69 2.46 -0.98 0.01 0 0
9.91 0 17.55 4.37 0 -9.87E-007 14.6 2.46 4.69 2.46 0.71 -0.01 0 0
9.91 0 17.55 4.37 0 -9.87E-007 14.6 2.46 4.69 2.46 0 0.01 0 0
9.91 0 17.55 4.37 -7.17E-005 -9.87E-007 14.6 2.46 4.69 2.46 0 0.01 0 0
9.91 0 17.55 4.37 0 -9.88E-007 14.6 2.46 4.69 2.46 0.35 -0.01 0 0
9.91 0 17.55 4.37 0 -9.88E-007 14.6 2.46 4.69 2.46 0.35 -0.01 0 0
9.91 0 17.55 4.37 -4.57E-005 -9.88E-007 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 17.55 4.37 0 -9.88E-007 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 17.55 4.37 0 -9.87E-007 14.6 2.46 4.69 2.46 0.33 -0.01 0.1 0
9.91 0 17.59 4.37 0.08 -9.87E-007 14.6 2.46 4.69 2.46 0.33 -0.01 0.1 0
9.91 0 17.69 4.37 0.12 -9.87E-007 14.6 2.46 4.69 2.46 -0.7 0.01 0.1 0
9.91 0 17.82 4.37 0.15 -9.87E-007 14.6 2.46 4.69 2.46 -0.38 0 0.1 0
9.91 0 17.98 4.37 0.17 -9.87E-007 14.6 2.46 4.69 2.46 -0.38 0 0 0
9.91 0 18.11 4.37 0.1 -9.87E-007 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 18.19 4.37 0.06 -9.87E-007 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 18.24 4.37 0.04 -9.87E-007 14.6 2.46 4.69 2.46 -0.71 0.01 0 0
9.91 0 18.19 4.35 0.02 0.01 15.41 3.24 5.5 3.24 -0.71 0.01 0 0
9.91 0 18.14 4.32 0.01 0 15.41 3.24 5.5 3.24 0.33 0 0 0
9.91 0 18.08 4.29 0.01 0 15.41 3.24 5.5 3.24 0.33 0 0 0
9.91 0 18.02 4.27 0 0 15.41 3.24 5.5 3.24 -0.28 0 0 0
9.91 0 17.96 4.24 0 6.36E-005 15.41 3.24 5.5 3.24 -0.28 0 0 0
9.91 0 17.9 4.22 0 8.39E-006 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.85 4.19 0 -9.38E-006 15.41 3.24 5.5 3.24 0 0 0 -0.05
9.91 0 17.79 4.16 0 -0.02 15.41 3.24 5.5 3.24 0 0 0 -0.05
9.91 0 17.74 4.1 0 -0.04 15.41 3.24 5.5 3.24 0.72 -0.03 0 -0.05
9.91 0 17.74 4.05 0 -0.06 15.41 3.24 5.5 3.24 0.72 -0.03 0 -0.05
9.91 0 17.74 3.98 0 -0.08 15.41 3.24 5.5 3.24 -0.33 0.03 0 0
9.91 0 17.74 3.92 0 -0.05 15.41 3.24 5.5 3.24 -0.33 0.03 0 0
9.91 0 17.74 3.89 -9.15E-005 -0.03 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.74 3.86 -5.64E-005 -0.02 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.74 3.85 -3.50E-005 -0.01 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.74 3.84 -2.18E-005 -0.01 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.74 3.84 0 0 15.41 3.24 5.5 3.24 -0.38 0.02 0 0
9.91 0 17.74 3.83 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.68 3.81 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.63 3.81 0 0.01 15.35 3.03 5.44 3.03 -0.98 0.03 0 0
9.91 0 17.57 3.8 0 0.02 15.35 3.03 5.44 3.03 -0.98 0.03 0 0
9.91 0 17.52 3.8 0 0.01 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 17.47 3.78 0 0 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 17.43 3.77 0 0 15.35 3.03 5.44 3.03 -0.38 0 0 0
9.91 0 17.38 3.75 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.34 3.74 0 4.89E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.29 3.72 0 7.27E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.29 3.72 0 4.42E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 17.29 3.72 0 2.65E-006 15.35 3.03 5.44 3.03 0.65 -0.01 0 0
9.91 0 17.3 3.72 0 1.53E-006 15.35 3.03 5.44 3.03 0.65 -0.01 0 0
9.91 0 17.3 3.72 0 8.33E-007 15.35 3.03 5.44 3.03 -0.7 0.01 0 0
9.91 0 17.29 3.72 0 3.93E-007 15.35 3.03 5.44 3.03 -0.7 0.01 0 0
9.91 0 17.29 3.72 0 1.15E-007 15.35 3.03 5.44 3.03 -0.38 0 0 0
9.91 0 17.29 3.72 0 -5.96E-008 15.35 3.03 5.44 3.03 0.74 0 0 0
9.91 0 17.29 3.72 0 -1.70E-007 15.35 3.03 5.44 3.03 0.74 0 0 0
9.91 0 17.3 3.72 0 -2.39E-007 15.35 3.03 5.44 3.03 0.35 -0.01 0 0
9.91 0 17.34 3.83 0 -0.01 19.09 8.86 9.18 8.86 0.35 -0.01 0 0
9.91 0 17.38 3.94 0 0 19.09 8.86 9.18 8.86 -0.33 0.01 0 0
9.91 0 17.41 4.06 -7.15E-005 0.01 19.09 8.86 9.18 8.86 -0.33 0.01 0 0
9.91 0 17.45 4.16 0 0 19.09 8.86 9.18 8.86 -0.3 0 0 0
9.91 0 17.48 4.27 0 0 19.09 8.86 9.18 8.86 -0.3 0 0 0
9.91 0 17.52 4.36 0 -0.01 19.09 8.86 9.18 8.86 0.66 -0.01 0 0
9.91 0 17.55 4.45 0 -0.01 19.09 8.86 9.18 8.86 0.66 -0.01 0 0
9.91 0 17.58 4.53 0 0 19.09 8.86 9.18 8.86 -0.35 0 0.05 0
9.91 0 17.63 4.62 0.04 0 19.09 8.86 9.18 8.86 -0.35 0 0.05 0
9.91 0 17.64 4.59 0.06 0.01 15.41 3.24 5.5 3.24 -0.72 0.01 0.05 0
9.91 0 17.66 4.57 0.07 0.01 15.41 3.24 5.5 3.24 -0.72 0.01 0.05 0
9.91 0 17.69 4.55 0.08 0 15.41 3.24 5.5 3.24 0.98 -0.01 0.05 0
9.91 0 17.73 4.52 0.09 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.76 4.5 0.05 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.76 4.47 0.03 -0.01 15.41 3.24 5.5 3.24 0.73 -0.01 0 0
9.91 0 17.74 4.44 0.02 -0.01 15.41 3.24 5.5 3.24 0.73 -0.01 0 0
9.91 0 17.71 4.41 0.01 0 15.41 3.24 5.5 3.24 -0.74 0.02 0 0
9.91 0 17.68 4.4 0.01 0.01 15.41 3.24 5.5 3.24 -0.74 0.02 0 0
9.91 0 17.69 4.41 0 0.01 15.41 3.24 5.5 3.24 0.73 0 0 0
9.91 0 17.69 4.41 0 0 15.41 3.24 5.5 3.24 0.73 0 0 0
9.91 0 17.69 4.41 0 0 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.69 4.41 0 0 15.41 3.24 5.5 3.24 -0.36 0.01 0 0
9.91 0 17.69 4.41 6.87E-005 0 15.41 3.24 5.5 3.24 -0.36 0.01 0 0
9.91 0 17.69 4.41 0 0 15.41 3.24 5.5 3.24 0.37 -0.01 0 0
9.91 0 17.7 4.42 0 0 15.41 3.24 5.5 3.24 0.37 -0.01 0 0
9.91 0 17.7 4.42 2.29E-005 0 15.41 3.24 5.5 3.24 -0.36 0.01 0 0
9.91 0 17.7 4.42 1.35E-005 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.5 4.34 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 17.31 4.26 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 17.13 4.19 0 0 7.81 0.36 2.1 0.36 0 0 0 0
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9.91 0 16.95 4.12 0 -0.01 7.81 0.36 2.1 0.36 0 -0.01 0 0
9.91 0 16.78 4.04 0 -0.01 7.81 0.36 2.1 0.36 0 -0.01 0 0
9.91 0 16.61 3.97 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 16.45 3.9 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 16.29 3.84 0 0.01 7.81 0.36 2.1 0.36 -0.37 0.02 0 0
9.91 0 16.14 3.78 0 0 7.81 0.36 2.1 0.36 0.71 -0.01 0 0
9.91 0 16.11 3.76 0 -0.01 14.67 2.65 4.76 2.65 0.71 -0.01 0 0
9.91 0 16.09 3.74 0 0 14.67 2.65 4.76 2.65 0 0 0 0
9.91 0 16.06 3.72 4.49E-005 0 14.67 2.65 4.76 2.65 0 0 0 0
9.91 0 16.04 3.7 -6.27E-005 0.01 14.67 2.65 4.76 2.65 0 0.01 0 0
9.91 0 16.01 3.69 0 0.01 14.67 2.65 4.76 2.65 0 0.01 0 0
9.91 0 15.99 3.68 0 0 14.67 2.65 4.76 2.65 0 0 0 0
9.91 0 15.97 3.66 0 0 14.67 2.65 4.76 2.65 0 0 0 0
9.91 0 15.95 3.65 0 -0.01 14.67 2.65 4.76 2.65 0 -0.01 0 0
9.91 0 15.92 3.63 0 0 14.67 2.65 4.76 2.65 0 0 0.05 0
9.91 0 15.92 3.61 0.04 0 14.67 2.65 4.76 2.65 0 0 0.05 0
9.91 0 15.95 3.6 0.06 0.01 14.67 2.65 4.76 2.65 -0.31 0.01 0.05 0
9.91 0 16 3.59 0.07 0.01 14.67 2.65 4.76 2.65 -0.31 0.01 0.05 0
9.91 0 16.05 3.58 0.08 0 14.67 2.65 4.76 2.65 0.32 -0.01 0.05 0
9.91 0 16.11 3.56 0.09 -0.01 14.67 2.65 4.76 2.65 0.32 -0.01 0 0
9.91 0 16.16 3.54 0.05 0 14.67 2.65 4.76 2.65 0 0.01 0 0
9.91 0 16.18 3.53 0.03 0.01 14.67 2.65 4.76 2.65 0 0.01 0 0
9.91 0 16.18 3.53 0.02 0 14.67 2.65 4.76 2.65 -0.35 0 0 0
9.91 0 16.17 3.51 0.01 0 14.67 2.65 4.76 2.65 -0.35 0 0 0
9.91 0 16.17 3.51 0.01 -0.01 15.41 3.24 5.5 3.24 0.35 -0.01 0 0
9.91 0 16.16 3.5 0.01 -0.01 15.41 3.24 5.5 3.24 0.35 -0.01 0 0
9.91 0 16.15 3.49 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.14 3.48 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.13 3.48 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.12 3.48 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.11 3.47 0 -3.64E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.1 3.47 0 -1.49E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.09 3.47 4.54E-005 -7.83E-006 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.08 3.46 -2.05E-005 -8.09E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.07 3.46 -6.00E-005 -8.11E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.06 3.45 -8.34E-005 -8.04E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.05 3.44 -9.71E-005 -7.95E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.04 3.44 0 -7.85E-006 15.35 3.03 5.44 3.03 0.37 0 0 0
9.91 0 16.03 3.43 0 -7.75E-006 15.35 3.03 5.44 3.03 0.37 0 0.05 0
9.91 0 16.04 3.43 0.04 0.01 15.35 3.03 5.44 3.03 -0.73 0.01 0.05 0
9.91 0 16.08 3.43 0.06 0.01 15.35 3.03 5.44 3.03 -0.73 0.01 0.05 0
9.91 0 16.13 3.43 0.07 0 15.35 3.03 5.44 3.03 0.37 -0.01 0.05 0
9.91 0 16.09 3.39 0.08 -0.01 7.66 0.69 2.25 0.69 0.37 -0.01 0 0
9.91 0 16.03 3.35 0.05 0 7.66 0.69 2.25 0.69 -0.22 0.01 0 0
9.91 0 15.94 3.32 0.03 0 7.66 0.69 2.25 0.69 -0.22 0.01 0 0
9.91 0 15.84 3.29 0.02 0 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 15.74 3.26 0.01 0 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 15.63 3.23 0.01 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 15.52 3.2 0 3.98E-006 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 15.41 3.17 0 -3.03E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 15.3 3.14 0 -4.12E-005 7.66 0.69 2.25 0.69 0.37 0 0 0
9.91 0 15.3 3.14 0 -1.50E-005 15.35 3.03 5.44 3.03 0.37 0 0 0
9.91 0 15.3 3.14 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0.05 0
9.91 0 15.32 3.13 0.04 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0.05 0
9.91 0 15.37 3.13 0.06 0 15.35 3.03 5.44 3.03 -0.67 0.01 0.05 0
9.91 0 15.44 3.13 0.07 0.01 15.35 3.03 5.44 3.03 -0.67 0.01 0.05 0
9.91 0 15.51 3.13 0.08 0 15.35 3.03 5.44 3.03 0.73 0 0 0
9.91 0 15.58 3.13 0.05 0 15.35 3.03 5.44 3.03 0.73 0 0 0
9.91 0 15.62 3.13 0.03 -0.01 15.35 3.03 5.44 3.03 0.38 -0.01 0 0
9.91 0 15.64 3.12 0.02 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.65 3.12 0.01 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.66 3.11 0.01 -0.01 15.35 3.03 5.44 3.03 0.63 -0.01 0 0
9.91 0 15.66 3.1 0.01 -0.01 15.35 3.03 5.44 3.03 0.63 -0.01 0 0
9.91 0 15.66 3.1 0 0 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.66 3.1 0 0 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.66 3.1 0 0.01 15.35 3.03 5.44 3.03 -0.74 0.01 0 0
9.91 0 15.65 3.1 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.65 3.1 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.65 3.1 0 0 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.65 3.1 0 0 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.65 3.1 0 8.58E-005 15.35 3.03 5.44 3.03 -0.62 0 0.05 0
9.91 0 15.66 3.1 0.04 5.25E-005 15.35 3.03 5.44 3.03 -0.62 0 0.05 0
9.91 0 15.72 3.1 0.06 3.21E-005 15.35 3.03 5.44 3.03 0.7 -0.01 0.05 0
9.91 0 15.78 3.1 0.08 1.97E-005 15.35 3.03 5.44 3.03 0.7 -0.01 0.05 0
9.91 0 15.87 3.1 0.08 1.20E-005 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 15.95 3.1 0.09 7.35E-006 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 16.02 3.1 0.05 4.49E-006 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 16.06 3.1 0.03 2.73E-006 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.09 3.1 0.02 1.66E-006 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 16.1 3.1 0.01 1.00E-006 15.35 3.03 5.44 3.03 -0.32 0 0 0
9.91 0 16.11 3.1 0.01 5.99E-007 15.35 3.03 5.44 3.03 -0.32 0 0 0
9.91 0 16.12 3.1 0 3.52E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.12 3.1 0 2.01E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.12 3.1 0 1.09E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.12 3.1 0 5.21E-008 15.35 3.03 5.44 3.03 -0.38 0 0 0
9.91 0 16.12 3.1 0 1.74E-008 15.35 3.03 5.44 3.03 -0.38 0 0 0
9.91 0 16.12 3.1 0 -3.84E-009 15.35 3.03 5.44 3.03 0 0.01 0 0
9.91 0 16.14 3.14 -6.91E-005 0.01 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 16.15 3.18 0 0 17.01 5.28 7.1 5.28 -0.34 0 0 0
9.91 0 16.16 3.21 0 0 17.01 5.28 7.1 5.28 -0.34 0 0 0
9.91 0 16.18 3.24 0 -0.01 17.01 5.28 7.1 5.28 0.68 -0.01 0 0
9.91 0 16.19 3.27 0 0.01 17.01 5.28 7.1 5.28 -0.39 0.01 0 0
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9.91 0 16.21 3.31 0 0.01 17.01 5.28 7.1 5.28 -0.39 0.01 0 0
9.91 0 16.22 3.34 0 0 17.01 5.28 7.1 5.28 -0.36 0 0 0
9.91 0 16.23 3.37 0 0 17.01 5.28 7.1 5.28 -0.36 0 0 0
9.91 0 16.24 3.4 -3.94E-005 0 17.01 5.28 7.1 5.28 0.35 0 0 0
9.91 0 16.11 3.35 -5.38E-005 7.31E-005 7.81 0.36 2.1 0.36 0.35 0 0 0
9.91 0 15.98 3.31 0 -1.36E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.85 3.27 0 -4.16E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.72 3.23 0 -5.03E-005 7.81 0.36 2.1 0.36 -0.68 0 0 0
9.91 0 15.59 3.19 0 -9.80E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.47 3.15 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.35 3.12 0 0 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 15.23 3.08 0 -9.63E-005 7.81 0.36 2.1 0.36 -0.36 0 0 0
9.91 0 15.12 3.04 0 -7.16E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.11 3.04 0 -4.40E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.11 3.04 0 -2.72E-005 7.81 0.36 2.1 0.36 0.37 0 0 0
9.91 0 15.11 3.04 0 -1.70E-005 7.81 0.36 2.1 0.36 0.37 0 0 0
9.91 0 15.11 3.04 0 -1.08E-005 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.11 3.04 0 -7.07E-006 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.11 3.04 0 -4.82E-006 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 15.11 3.04 0 -3.45E-006 7.81 0.36 2.1 0.36 0.34 0 0 0
9.91 0 15.11 3.04 0 -2.63E-006 7.81 0.36 2.1 0.36 0.34 0 0 0
9.91 0 15.12 3.04 0 -2.14E-006 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 14.99 3.01 0 0 7.65 0.71 2.26 0.71 0 0 0 0
9.91 0 14.87 2.96 0 -0.01 7.65 0.71 2.26 0.71 0.83 -0.02 0 0
9.91 0 14.75 2.92 0 -0.01 7.65 0.71 2.26 0.71 0.83 -0.02 0 0
9.91 0 14.63 2.88 0 0 7.65 0.71 2.26 0.71 -0.66 0.01 0 0
9.91 0 14.52 2.85 0 0.01 7.65 0.71 2.26 0.71 -0.66 0.01 0 0
9.91 0 14.4 2.83 0 0.01 7.65 0.71 2.26 0.71 0 0.01 0 0
9.91 0 14.29 2.81 0 0.01 7.65 0.71 2.26 0.71 0 0.01 0 0
9.91 0 14.19 2.78 0 0 7.65 0.71 2.26 0.71 0 0 0 0
9.91 0 14.08 2.76 0 0 7.65 0.71 2.26 0.71 -0.36 0 0.05 0
9.91 0 14.1 2.76 0.04 0 7.65 0.71 2.26 0.71 -0.36 0 0.05 0
9.91 0 14.15 2.76 0.06 0 7.65 0.71 2.26 0.71 -0.32 0 0.05 0
9.91 0 14.21 2.76 0.07 0 7.65 0.71 2.26 0.71 -0.32 0 0.05 0
9.91 0 14.29 2.76 0.08 0 7.65 0.71 2.26 0.71 0.35 0 0 0
9.91 0 14.36 2.76 0.05 8.33E-005 7.65 0.71 2.26 0.71 0.35 0 0 0
9.91 0 14.4 2.76 0.03 5.06E-005 7.65 0.71 2.26 0.71 0 0 0 0
9.91 0 14.42 2.76 0.02 3.06E-005 7.65 0.71 2.26 0.71 0 0 0 0
9.91 0 14.44 2.76 0.01 1.84E-005 7.65 0.71 2.26 0.71 0 0 0 0
9.91 0 14.44 2.76 0.01 1.08E-005 7.65 0.71 2.26 0.71 0 -0.01 0.05 0
9.91 0 14.47 2.76 0.04 6.23E-006 7.65 0.71 2.26 0.71 0 -0.01 0.05 0
9.91 0 14.6 2.86 0.06 0 19.07 9.26 9.16 9.26 0.56 0 0.05 0
9.91 0 14.75 2.96 0.08 0 19.07 9.26 9.16 9.26 0.56 0 0.05 0
9.91 0 14.91 3.06 0.09 0 19.07 9.26 9.16 9.26 0 0 0.05 0
9.91 0 15.07 3.16 0.09 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 15.2 3.26 0.05 0.01 19.07 9.26 9.16 9.26 -0.69 0.01 0 0
9.91 0 15.31 3.36 0.03 0.01 19.07 9.26 9.16 9.26 -0.69 0.01 0 0
9.91 0 15.4 3.45 0.02 0 19.07 9.26 9.16 9.26 0.36 0 0 0
9.91 0 15.48 3.54 0.01 0 19.07 9.26 9.16 9.26 0.36 0 0 -0.07
9.91 0 15.55 3.61 0.01 -0.03 19.07 9.26 9.16 9.26 -0.36 0 0 -0.07
9.91 0 15.58 3.59 0 -0.04 17.01 5.28 7.1 5.28 -0.36 0 0 -0.07
9.91 0 15.6 3.57 0 -0.05 17.01 5.28 7.1 5.28 0.67 -0.01 0 -0.07
9.91 0 15.63 3.54 0 -0.04 17.01 5.28 7.1 5.28 -0.36 0.01 0 -0.07
9.91 0 15.65 3.52 0 -0.04 17.01 5.28 7.1 5.28 -0.36 0.01 0 0
9.91 0 15.67 3.52 -2.28E-005 -0.01 17.01 5.28 7.1 5.28 -0.36 0 0 0
9.91 0 15.7 3.54 0 0 17.01 5.28 7.1 5.28 -0.36 0 0 0
9.91 0 15.72 3.56 0 -0.01 17.01 5.28 7.1 5.28 0.36 -0.01 0 0
9.91 0 15.74 3.57 0 -0.01 17.01 5.28 7.1 5.28 0.36 -0.01 0 0
9.91 0 15.76 3.59 4.25E-005 0 17.01 5.28 7.1 5.28 -0.36 0.01 0 0
9.91 0 15.81 3.68 0 0.01 19.07 9.26 9.16 9.26 -0.36 0.01 0 0
9.91 0 15.86 3.76 3.00E-005 0 19.07 9.26 9.16 9.26 0 -0.01 0 0
9.91 0 15.91 3.83 0 0 19.07 9.26 9.16 9.26 0.71 0 0 0
9.91 0 15.96 3.9 0 0 19.07 9.26 9.16 9.26 0.71 0 0 0
9.91 0 16.01 3.97 0 -4.48E-005 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.06 4.04 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.11 4.11 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.15 4.18 0 0.01 19.07 9.26 9.16 9.26 -0.36 0.01 0 0
9.91 0 16.2 4.26 0 0.01 19.07 9.26 9.16 9.26 -0.36 0.01 0 0
9.91 0 16.19 4.27 0 0.01 19.07 9.26 9.16 9.26 -0.32 0 0 0
9.91 0 16.19 4.27 0 0 19.07 9.26 9.16 9.26 -0.32 0 0 0
9.91 0 16.19 4.27 -1.66E-006 0 19.07 9.26 9.16 9.26 0.35 0 0 0
9.91 0 16.19 4.28 0 0 19.07 9.26 9.16 9.26 0.35 0 0 0
9.91 0 16.2 4.28 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.2 4.28 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 16.2 4.28 0 0 19.07 9.26 9.16 9.26 -0.38 0 0 0
9.91 0 16.19 4.28 0 0 19.07 9.26 9.16 9.26 -0.35 0 0 0
9.91 0 16.19 4.28 0 0 19.07 9.26 9.16 9.26 -0.35 0 0 0
9.91 0 16.05 4.22 0 0 7.76 0.48 2.15 0.48 0 0 0 0
9.91 0 15.91 4.17 0 0 7.76 0.48 2.15 0.48 0 0 0 0
9.91 0 15.78 4.11 0 0 7.76 0.48 2.15 0.48 0.7 0 0 0
9.91 0 15.65 4.06 0 -8.46E-005 7.76 0.48 2.15 0.48 0.7 0 0 0
9.91 0 15.52 4.01 0 -7.42E-005 7.76 0.48 2.15 0.48 -0.36 0 0 0
9.91 0 15.4 3.96 0 -6.91E-005 7.76 0.48 2.15 0.48 -0.36 0 0 0
9.91 0 15.27 3.91 0 -0.01 7.76 0.48 2.15 0.48 0.36 -0.01 0 0
9.91 0 15.15 3.85 2.16E-005 -0.01 7.76 0.48 2.15 0.48 0.72 -0.01 0 0
9.91 0 15.04 3.8 0 -0.01 7.76 0.48 2.15 0.48 0.72 -0.01 0 0
9.91 0 15.07 3.8 0 -0.01 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 15.1 3.81 0 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 15.13 3.83 0 0 16.95 4.85 7.04 4.85 0.69 0 0 0
9.91 0 15.16 3.84 0 0 16.95 4.85 7.04 4.85 0.69 0 0 0
9.91 0 15.19 3.85 0 -7.83E-005 16.95 4.85 7.04 4.85 -0.37 0 0 -0.07
9.91 0 15.22 3.85 0 -0.03 16.95 4.85 7.04 4.85 0 0 0 -0.07
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9.91 0 15.24 3.82 0 -0.04 16.95 4.85 7.04 4.85 0 0 0 -0.07
9.91 0 15.27 3.79 0 -0.04 16.95 4.85 7.04 4.85 0 0 0 -0.07
9.91 0 15.3 3.75 0 -0.04 16.95 4.85 7.04 4.85 0 0 0 -0.07
9.91 0 15.35 3.77 0 -0.05 19.07 9.26 9.16 9.26 0.35 -0.01 0 0
9.91 0 15.41 3.81 0 -0.02 19.07 9.26 9.16 9.26 0.35 -0.01 0 0
9.91 0 15.47 3.86 0 -0.01 19.07 9.26 9.16 9.26 0.66 0 0 0
9.91 0 15.52 3.93 0 0 19.07 9.26 9.16 9.26 0.66 0 0 0
9.91 0 15.58 3.99 0 0 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 15.63 4.06 0 0 19.07 9.26 9.16 9.26 0.37 0 0 0
9.91 0 15.69 4.12 0 -1.16E-005 19.07 9.26 9.16 9.26 0.37 0 0 0
9.91 0 15.74 4.19 0 6.71E-005 19.07 9.26 9.16 9.26 -0.35 0 0 0
9.91 0 15.79 4.25 0 8.79E-005 19.07 9.26 9.16 9.26 -0.35 0 0 0
9.91 0 15.78 4.24 0 -0.01 15.41 3.24 5.5 3.24 0.31 -0.01 0 0
9.91 0 15.78 4.22 0 -0.01 15.41 3.24 5.5 3.24 0.31 -0.01 0 0
9.91 0 15.77 4.2 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 15.77 4.19 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 15.76 4.18 0 0.01 15.41 3.24 5.5 3.24 -0.59 0.01 0 0
9.91 0 15.75 4.17 0 0.01 15.41 3.24 5.5 3.24 -0.59 0.01 0.05 0
9.91 0 15.77 4.16 0.04 0 15.41 3.24 5.5 3.24 0.7 -0.01 0.05 0
9.91 0 15.82 4.15 0.06 -0.01 15.41 3.24 5.5 3.24 0.7 -0.01 0.05 0
9.91 0 15.88 4.13 0.07 0 15.41 3.24 5.5 3.24 -0.32 0 0.05 0
9.91 0 15.96 4.13 0.08 0 15.41 3.24 5.5 3.24 0 0.01 0 0
9.91 0 16.02 4.13 0.05 0 15.41 3.24 5.5 3.24 0 0.01 0 0
9.91 0 16.06 4.13 0.03 0 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 16.09 4.13 0.02 0 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 16.1 4.13 0.01 0 15.41 3.24 5.5 3.24 0.92 0 0 0
9.91 0 16.12 4.13 0.01 0 15.41 3.24 5.5 3.24 0.92 0 0 0
9.91 0 16.12 4.13 0.01 -8.15E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.13 4.13 0 -5.00E-005 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 16.13 4.13 0 -3.08E-005 15.41 3.24 5.5 3.24 0.35 0 0 0
9.91 0 16.15 4.14 0 2.40E-005 16.95 4.85 7.04 4.85 0.35 0 0 0
9.91 0 16.16 4.15 0 2.50E-005 16.95 4.85 7.04 4.85 -0.33 0 0 0
9.91 0 16.17 4.16 0 1.98E-005 16.95 4.85 7.04 4.85 -0.33 0 0 0
9.91 0 16.19 4.16 0 1.61E-005 16.95 4.85 7.04 4.85 0.37 0 0 0
9.91 0 16.2 4.17 0 -0.01 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 16.21 4.17 0 -0.01 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 16.22 4.18 0 0 16.95 4.85 7.04 4.85 -0.36 0 0 0
9.91 0 16.23 4.18 0 0 16.95 4.85 7.04 4.85 -0.36 0 0 0
9.91 0 16.24 4.19 0 0.01 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.24 4.2 0 0 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.24 4.2 0 0 16.95 4.85 7.04 4.85 0.34 0 0 0
9.91 0 16.24 4.2 0 0 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 16.24 4.2 0 0 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 16.24 4.21 0 0 16.95 4.85 7.04 4.85 -0.72 0.01 0 0
9.91 0 16.24 4.21 0 0 16.95 4.85 7.04 4.85 -0.72 0.01 0 0
9.91 0 16.24 4.21 0 0 16.95 4.85 7.04 4.85 0.35 0 0 0
9.91 0 16.24 4.21 0 0 16.95 4.85 7.04 4.85 0.35 0 0 0
9.91 0 16.24 4.21 0 7.47E-005 16.95 4.85 7.04 4.85 0.34 -0.01 0 0
9.91 0 16.24 4.21 0 4.58E-005 16.95 4.85 7.04 4.85 0.34 -0.01 0 0
9.91 0 16.24 4.21 0 2.82E-005 16.95 4.85 7.04 4.85 0 0 0 0.05
9.91 0 16.24 4.23 0 0.04 16.95 4.85 7.04 4.85 0.36 0 0 0.05
9.91 0 16.24 4.28 0 0.06 16.95 4.85 7.04 4.85 0.36 0 0 0.05
9.91 0 16.25 4.35 0 0.07 16.95 4.85 7.04 4.85 0 0 0 0.05
9.91 0 16.25 4.42 0 0.08 16.95 4.85 7.04 4.85 0 0 0 0.05
9.91 0 16.25 4.51 0 0.09 16.95 4.85 7.04 4.85 0.36 0 0 0
9.91 0 16.25 4.58 0 0.05 16.95 4.85 7.04 4.85 0.36 0 0 0
9.91 0 16.25 4.62 0 0.03 16.95 4.85 7.04 4.85 0.36 -0.01 0 0
9.91 0 16.25 4.65 0 0.02 16.95 4.85 7.04 4.85 0.36 -0.01 0 0
9.91 0 16.25 4.67 0 0.01 16.95 4.85 7.04 4.85 -0.65 0.01 0 0
9.91 0 16.25 4.68 0 0.01 16.95 4.85 7.04 4.85 0.71 -0.01 0 0
9.91 0 16.25 4.68 0 0 16.95 4.85 7.04 4.85 0.71 -0.01 0 0
9.91 0 16.25 4.69 0 0 16.95 4.85 7.04 4.85 -0.37 0.01 0 0
9.91 0 16.25 4.69 0 0 16.95 4.85 7.04 4.85 -0.37 0.01 0 0
9.91 0 16.25 4.69 0 0 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 16.25 4.69 0 0 16.95 4.85 7.04 4.85 0 -0.01 0 0
9.91 0 16.25 4.69 -6.20E-005 0 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.25 4.69 -3.78E-005 0 16.95 4.85 7.04 4.85 0 0.01 0 0
9.91 0 16.25 4.69 -2.29E-005 0 16.95 4.85 7.04 4.85 0 0 0 0
9.91 0 16.25 4.69 0 9.26E-005 16.95 4.85 7.04 4.85 0.36 -0.01 0 0
9.91 0 16.26 4.69 0 5.67E-005 16.95 4.85 7.04 4.85 0.36 -0.01 0 0
9.91 0 16.26 4.69 -2.88E-005 3.48E-005 16.95 4.85 7.04 4.85 -0.37 0.01 0 0
9.91 0 16.26 4.69 0 2.13E-005 16.95 4.85 7.04 4.85 -0.37 0.01 0 0
9.91 0 16.26 4.69 0 1.31E-005 16.95 4.85 7.04 4.85 0.37 0 0 0
9.91 0 16.26 4.69 0 8.04E-006 16.95 4.85 7.04 4.85 0.37 0 0 -0.05
9.91 0 16.26 4.67 0 -0.04 16.95 4.85 7.04 4.85 -0.35 0 0 -0.05
9.91 0 16.24 4.63 0 -0.03 15.35 3.03 5.44 3.03 0.33 0 0 -0.05
9.91 0 16.22 4.57 0 -0.03 15.35 3.03 5.44 3.03 0.33 0 0 -0.05
9.91 0 16.2 4.5 0 -0.04 15.35 3.03 5.44 3.03 0 -0.01 0.05 0
9.91 0 16.21 4.45 0.04 -0.02 15.35 3.03 5.44 3.03 0 -0.01 0.05 0
9.91 0 16.24 4.41 0.06 -0.01 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 16.29 4.38 0.07 0 15.35 3.03 5.44 3.03 0 0 0.05 0
9.91 0 16.35 4.35 0.08 0 15.35 3.03 5.44 3.03 0.75 0 0.05 0
9.91 0 16.41 4.32 0.09 0 15.35 3.03 5.44 3.03 0.75 0 0 0
9.91 0 16.46 4.3 0.06 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.47 4.26 0.03 -9.34E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 16.46 4.23 0.02 -5.94E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 16.44 4.2 0.01 -4.38E-005 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 16.42 4.17 0.01 -3.69E-005 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 16.39 4.14 0 -3.37E-005 14.6 2.46 4.69 2.46 -0.73 0 0 0
9.91 0 16.36 4.11 0 -3.22E-005 14.6 2.46 4.69 2.46 -0.73 0 0 0
9.91 0 16.33 4.08 0 -0.01 14.6 2.46 4.69 2.46 0.37 -0.01 0 0
9.91 0 16.3 4.05 7.79E-005 0 14.6 2.46 4.69 2.46 -0.35 0.01 0 0
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9.91 0 16.27 4.03 0 0.01 14.6 2.46 4.69 2.46 -0.35 0.01 0 0
9.91 0 16.27 4.03 0 0.01 14.6 2.46 4.69 2.46 0.69 0 0 0
9.91 0 16.27 4.04 0 0 14.6 2.46 4.69 2.46 0.69 0 0 0
9.91 0 16.27 4.04 -9.45E-005 0 14.6 2.46 4.69 2.46 -0.65 0 0 0
9.91 0 16.27 4.04 0 0 14.6 2.46 4.69 2.46 -0.65 0 0.1 0
9.91 0 16.31 4.04 0.08 0 14.6 2.46 4.69 2.46 0.73 -0.01 0.1 0
9.91 0 16.41 4.04 0.12 0 14.6 2.46 4.69 2.46 0.73 -0.01 0.1 0
9.91 0 16.55 4.04 0.15 0 14.6 2.46 4.69 2.46 0 0 0.1 0
9.91 0 16.71 4.04 0.17 0 14.6 2.46 4.69 2.46 0.36 0 0.1 0
9.91 0 16.88 4.04 0.18 9.81E-005 14.6 2.46 4.69 2.46 0.36 0 0 0
9.91 0 17.02 4.06 0.11 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.1 4.08 0.07 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.15 4.09 0.04 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.18 4.1 0.02 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.19 4.11 0.01 -0.01 16.91 4.6 7 4.6 -0.38 -0.02 0 0
9.91 0 17.2 4.12 0.01 0 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.2 4.12 0.01 0 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.2 4.13 0 0 16.91 4.6 7 4.6 0.37 0 0 0
9.91 0 17.2 4.14 0 0 16.91 4.6 7 4.6 -0.52 0.01 0 -0.05
9.91 0 17.2 4.12 0 -0.03 16.91 4.6 7 4.6 -0.52 0.01 0 -0.05
9.91 0 17.2 4.08 0 -0.06 16.91 4.6 7 4.6 0.98 -0.01 0 -0.05
9.91 0 17.2 4.01 0 -0.07 16.91 4.6 7 4.6 -0.36 0 0 -0.05
9.91 0 17.2 3.93 0 -0.08 16.91 4.6 7 4.6 -0.36 0 0 -0.05
9.91 0 17.2 3.84 0 -0.09 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.2 3.74 -8.71E-005 -0.11 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.2 3.63 -5.33E-005 -0.12 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.2 3.5 -3.26E-005 -0.13 16.91 4.6 7 4.6 0 0 0 -0.07
9.91 0 17.2 3.36 -2.00E-005 -0.14 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.2 3.25 -1.23E-005 -0.08 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.2 3.19 0 -0.05 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 17.2 3.15 0 -0.03 16.91 4.6 7 4.6 -0.66 0.01 0 0
9.91 0 17.2 3.12 0 -0.02 16.91 4.6 7 4.6 -0.66 0.01 0 0
9.91 0 17.2 3.11 0 -0.01 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.19 3.1 0 -0.01 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.19 3.09 0 0 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 17.19 3.09 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.19 3.08 7.94E-005 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.19 3.08 4.85E-005 0 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17.19 3.06 2.96E-005 -0.04 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17.19 3.01 0 -0.06 16.91 4.6 7 4.6 0.33 0 0 -0.05
9.91 0 17.2 2.94 0 -0.08 16.91 4.6 7 4.6 0.33 0 0 -0.05
9.91 0 17.2 2.86 -6.03E-005 -0.08 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 17.19 2.8 0 -0.05 16.91 4.6 7 4.6 -0.37 0.01 0 0
9.91 0 17.19 2.76 0 -0.03 16.91 4.6 7 4.6 -0.72 0 0 0
9.91 0 17.19 2.73 0 -0.02 16.91 4.6 7 4.6 0.71 0 0 0
9.91 0 17.19 2.72 0 -0.01 16.91 4.6 7 4.6 0.71 0 0 0
9.91 0 17.2 2.71 0 -0.01 16.91 4.6 7 4.6 0.71 0 0 0
9.91 0 17.2 2.7 0 0 16.91 4.6 7 4.6 0.71 0 0 0
9.91 0 17.2 2.7 0 0 16.91 4.6 7 4.6 -0.33 0 0 0
9.91 0 17.2 2.7 1.48E-006 0 16.91 4.6 7 4.6 -0.33 0 0 0
9.91 0 17.2 2.7 0 0 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 17.2 2.7 0 0 16.91 4.6 7 4.6 0.38 0 0.05 0
9.91 0 17.22 2.69 0.04 0 16.91 4.6 7 4.6 0.38 0 0.05 0
9.91 0 17.27 2.69 0.06 0 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.34 2.69 0.08 0 16.91 4.6 7 4.6 0 0 0.05 0
9.91 0 17.43 2.8 0.08 0.01 17.76 6.45 7.85 6.45 -0.69 0.01 0 0
9.91 0 17.5 2.89 0.05 0.01 17.76 6.45 7.85 6.45 -0.69 0.01 0 0
9.91 0 17.54 2.98 0.03 0 17.76 6.45 7.85 6.45 0 0 0 0
9.91 0 17.57 3.07 0.02 0 17.76 6.45 7.85 6.45 0 0 0 0
9.91 0 17.59 3.14 0.01 -0.01 17.76 6.45 7.85 6.45 0.73 -0.01 0 0
9.91 0 17.6 3.21 0.01 0 17.76 6.45 7.85 6.45 0 0 0 0
9.91 0 17.61 3.28 0 0 17.76 6.45 7.85 6.45 0 0 0 0
9.91 0 17.62 3.35 0 0.01 17.76 6.45 7.85 6.45 0 0.01 0 0
9.91 0 17.63 3.43 0 0.01 17.76 6.45 7.85 6.45 0 0.01 0 0
9.91 0 17.42 3.37 0 0 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 17.22 3.31 0 -0.01 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 17.03 3.25 0 0 7.66 0.69 2.25 0.69 0.32 0 0 0
9.91 0 16.84 3.2 0 0 7.66 0.69 2.25 0.69 0.32 0 0 0
9.91 0 16.66 3.15 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.48 3.1 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.31 3.06 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.15 3.01 0 -0.01 7.66 0.69 2.25 0.69 0.72 -0.01 0 0
9.91 0 15.99 2.96 0 -0.01 7.66 0.69 2.25 0.69 0.72 -0.01 0 0
9.91 0 15.99 2.95 0 -0.01 7.66 0.69 2.25 0.69 -0.7 0.01 0 0
9.91 0 15.99 2.95 0 0 7.66 0.69 2.25 0.69 -0.7 0.01 0 0
9.91 0 15.98 2.95 0 0 7.66 0.69 2.25 0.69 0.33 0 0 0
9.91 0 15.98 2.94 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 15.98 2.94 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 15.98 2.94 0 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 15.98 2.94 0 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 15.98 2.94 -5.47E-005 0 7.66 0.69 2.25 0.69 0.35 0 0 0
9.91 0 15.98 2.94 0 0 7.66 0.69 2.25 0.69 0.35 0 0 0
9.91 0 16.01 3 0 9.33E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.05 3.05 0 9.44E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.08 3.1 0 -0.01 17.69 5.68 7.78 5.68 0.32 -0.01 0 0
9.91 0 16.11 3.15 6.70E-005 0 17.69 5.68 7.78 5.68 -0.36 0.01 0 0
9.91 0 16.14 3.2 0 0.01 17.69 5.68 7.78 5.68 -0.36 0.01 0 0
9.91 0 16.17 3.25 0 0 17.69 5.68 7.78 5.68 0.37 -0.01 0 0
9.91 0 16.2 3.29 0 -0.01 17.69 5.68 7.78 5.68 0.37 -0.01 0 0
9.91 0 16.23 3.33 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.26 3.37 0 0 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.26 3.37 0 0 17.69 5.68 7.78 5.68 -0.37 0.01 0 0
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9.91 0 16.26 3.37 0 0 17.69 5.68 7.78 5.68 0.34 -0.01 0 0
9.91 0 16.26 3.37 0 0 17.69 5.68 7.78 5.68 0.34 -0.01 0.05 0
9.91 0 16.28 3.37 0.04 0 17.69 5.68 7.78 5.68 0 0 0.05 0
9.91 0 16.33 3.37 0.06 -7.01E-005 17.69 5.68 7.78 5.68 0 0 0.05 0
9.91 0 16.4 3.37 0.07 -4.25E-005 17.69 5.68 7.78 5.68 0 0 0.05 0
9.91 0 16.48 3.37 0.08 -2.56E-005 17.69 5.68 7.78 5.68 0 0 0 0
9.91 0 16.54 3.37 0.05 -1.52E-005 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 16.58 3.37 0.03 -8.87E-006 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 16.61 3.37 0.02 -4.97E-006 17.69 5.68 7.78 5.68 -0.71 0 0 0
9.91 0 16.62 3.37 0.01 -2.59E-006 17.69 5.68 7.78 5.68 0.67 -0.01 0 0
9.91 0 16.63 3.37 0.01 -1.12E-006 17.69 5.68 7.78 5.68 0.67 -0.01 0 0
9.91 0 16.64 3.37 0.01 -2.27E-007 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 16.65 3.37 0 3.22E-007 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 16.65 3.37 0 6.59E-007 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 16.65 3.37 0 8.66E-007 17.69 5.68 7.78 5.68 0 -0.01 0 0
9.91 0 16.65 3.37 0 9.92E-007 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 16.65 3.37 0 1.07E-006 17.69 5.68 7.78 5.68 0 0.01 0 0
9.91 0 16.7 3.49 -3.17E-005 0 19.09 8.86 9.18 8.86 -0.31 0 0 0
9.91 0 16.75 3.6 0 0 19.09 8.86 9.18 8.86 -0.31 0 0 0
9.91 0 16.8 3.71 -4.54E-005 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 16.85 3.82 0 0 19.09 8.86 9.18 8.86 0 0 0 0
9.91 0 16.89 3.92 0 0 19.09 8.86 9.18 8.86 -0.36 0 0 0
9.91 0 16.94 4.02 0 9.65E-005 19.09 8.86 9.18 8.86 0.38 0 0 0
9.91 0 16.98 4.12 0 9.22E-005 19.09 8.86 9.18 8.86 0.38 0 0 0
9.91 0 17.02 4.21 0 8.95E-005 19.09 8.86 9.18 8.86 -0.34 0 0 0
9.91 0 17.06 4.3 0 8.75E-005 19.09 8.86 9.18 8.86 -0.34 0 0 0
9.91 0 17.06 4.3 0 -0.01 16.91 4.6 7 4.6 0.34 -0.01 0 0
9.91 0 17.06 4.3 0 -0.01 16.91 4.6 7 4.6 0.34 -0.01 0 0
9.91 0 17.06 4.3 0 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.05 4.31 0 0.01 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17.05 4.32 0 0 16.91 4.6 7 4.6 -0.24 0 0 0
9.91 0 17.05 4.33 0 0 16.91 4.6 7 4.6 -0.24 0 0 0
9.91 0 17.05 4.33 0 0 16.91 4.6 7 4.6 0.32 0 0 0
9.91 0 17.04 4.34 0 9.14E-005 16.91 4.6 7 4.6 0.32 0 0 0
9.91 0 17.04 4.34 0 -0.01 16.91 4.6 7 4.6 0.35 -0.01 0 0
9.91 0 17.02 4.32 0 -0.01 15.51 3.6 5.6 3.6 0.35 -0.01 0 0
9.91 0 16.99 4.31 -2.43E-005 0 15.51 3.6 5.6 3.6 -0.34 0.01 0 0
9.91 0 16.96 4.3 0 0.01 15.51 3.6 5.6 3.6 -0.34 0.01 0 0
9.91 0 16.94 4.29 0 0 15.51 3.6 5.6 3.6 -0.35 0 0 0
9.91 0 16.91 4.28 0 0 15.51 3.6 5.6 3.6 -0.35 0 0 0
9.91 0 16.89 4.27 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.86 4.26 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.84 4.25 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.82 4.24 0 1.11E-005 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.82 4.24 0 6.74E-006 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.82 4.24 0 4.05E-006 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.82 4.24 -8.40E-005 2.39E-006 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 16.82 4.24 0 1.36E-006 15.51 3.6 5.6 3.6 0.37 0 0.05 0
9.91 0 16.84 4.24 0.04 7.22E-007 15.51 3.6 5.6 3.6 -0.36 0 0.05 0
9.91 0 16.89 4.24 0.06 3.24E-007 15.51 3.6 5.6 3.6 -0.36 0 0.05 0
9.91 0 16.95 4.24 0.07 7.61E-008 15.51 3.6 5.6 3.6 0.35 -0.01 0.05 0
9.91 0 17.03 4.24 0.08 -7.78E-008 15.51 3.6 5.6 3.6 0.35 -0.01 0.05 0
9.91 0 17.12 4.24 0.09 -1.73E-007 15.51 3.6 5.6 3.6 0.35 0 0 0
9.91 0 17.19 4.25 0.06 1.63E-005 16.91 4.6 7 4.6 0.35 0 0 0
9.91 0 17.23 4.26 0.03 1.38E-005 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17.24 4.26 0.02 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.25 4.28 0.01 0.01 16.91 4.6 7 4.6 -0.35 0.01 0 0
9.91 0 17.26 4.29 0.01 0 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.26 4.29 0 -0.01 16.91 4.6 7 4.6 0 -0.01 0 0
9.91 0 17.25 4.29 0 0 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 17.25 4.29 0 0 16.91 4.6 7 4.6 0.36 0 0 0
9.91 0 17.25 4.29 0 0 16.91 4.6 7 4.6 -0.36 0 0 0
9.91 0 17.22 4.29 -6.02E-005 0.01 15.51 3.6 5.6 3.6 -0.35 0.01 0 0
9.91 0 17.19 4.28 0 0.01 15.51 3.6 5.6 3.6 -0.35 0.01 0 0
9.91 0 17.16 4.28 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 17.13 4.27 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 17.11 4.26 0 -0.01 15.51 3.6 5.6 3.6 0.73 -0.01 0 0
9.91 0 17.08 4.24 0 -0.01 15.51 3.6 5.6 3.6 0.73 -0.01 0 0
9.91 0 17.06 4.23 0 0 15.51 3.6 5.6 3.6 -0.74 0.02 0 0
9.91 0 17.03 4.22 0 0 15.51 3.6 5.6 3.6 0.35 0 0 0
9.91 0 17.01 4.21 0 0 15.51 3.6 5.6 3.6 0.35 0 0 0
9.91 0 17.01 4.22 0 0 16.91 4.6 7 4.6 -0.34 0 0 0
9.91 0 17 4.22 0 5.47E-005 16.91 4.6 7 4.6 -0.34 0 0 0
9.91 0 17 4.23 0 -0.01 16.91 4.6 7 4.6 0.67 -0.01 0 0
9.91 0 17 4.23 0 0 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 17 4.24 0 0.01 16.91 4.6 7 4.6 -0.36 0.01 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 17 4.25 0 -0.01 16.91 4.6 7 4.6 0.71 -0.01 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0.36 -0.01 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0 0.01 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0 0 0 0
9.91 0 17 4.25 0 0 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17 4.23 0 -0.04 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17 4.18 9.06E-005 -0.06 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17 4.11 5.54E-005 -0.07 16.91 4.6 7 4.6 0 0 0 -0.05
9.91 0 17 4.03 3.38E-005 -0.08 16.91 4.6 7 4.6 0 0 0 0
9.91 0 16.98 3.97 0 -0.03 15.35 3.03 5.44 3.03 0.18 -0.01 0 0
9.91 0 16.95 3.94 0 -0.01 15.35 3.03 5.44 3.03 0.18 -0.01 0 0
9.91 0 16.92 3.92 0 0 15.35 3.03 5.44 3.03 -0.64 0.01 0 0
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9.91 0 16.9 3.91 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.87 3.9 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 16.85 3.88 0 -0.01 15.35 3.03 5.44 3.03 0.73 -0.01 0 0
9.91 0 16.82 3.86 0 -0.01 15.35 3.03 5.44 3.03 0.73 -0.01 0 0
9.91 0 16.8 3.85 0 0 15.35 3.03 5.44 3.03 -0.74 0.02 0 0
9.91 0 16.78 3.84 0 0 15.35 3.03 5.44 3.03 0.35 0 0 0
9.91 0 16.81 3.92 0 0 19.07 9.26 9.16 9.26 0.35 0 0.05 0
9.91 0 16.87 3.99 0.04 0 19.07 9.26 9.16 9.26 -0.32 0 0.05 0
9.91 0 16.95 4.07 0.06 0 19.07 9.26 9.16 9.26 -0.32 0 0.05 0
9.91 0 17.05 4.14 0.08 0 19.07 9.26 9.16 9.26 0.35 0 0.05 0
9.91 0 17.16 4.21 0.08 0 19.07 9.26 9.16 9.26 0.35 0 0 0
9.91 0 17.26 4.28 0.05 9.67E-005 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 17.33 4.35 0.03 9.43E-005 19.07 9.26 9.16 9.26 0 0 0 0
9.91 0 17.38 4.42 0.02 9.27E-005 19.07 9.26 9.16 9.26 0.3 0 0 0
9.91 0 17.42 4.48 0.01 9.13E-005 19.07 9.26 9.16 9.26 0.3 0 0 0
9.91 0 17.4 4.46 0.01 -0.01 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.38 4.44 0 -0.01 15.41 3.24 5.5 3.24 0 -0.01 0 0
9.91 0 17.35 4.42 0 0 15.41 3.24 5.5 3.24 -0.32 0.01 0 0
9.91 0 17.32 4.41 0 0.01 15.41 3.24 5.5 3.24 -0.32 0.01 0 0
9.91 0 17.29 4.4 0 0 15.41 3.24 5.5 3.24 -0.35 0 0 0
9.91 0 17.27 4.38 0 -0.01 15.41 3.24 5.5 3.24 0.76 -0.01 0 0
9.91 0 17.24 4.36 0 -0.01 15.41 3.24 5.5 3.24 0.76 -0.01 0 0
9.91 0 17.21 4.34 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.19 4.33 0 0 15.41 3.24 5.5 3.24 0 0 0 0
9.91 0 17.19 4.34 0 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 17.18 4.35 0 -9.04E-005 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 17.18 4.36 0 0.01 17.01 5.28 7.1 5.28 -0.32 0.01 0 0
9.91 0 17.18 4.38 0 0.01 17.01 5.28 7.1 5.28 -0.32 0.01 0 0
9.91 0 17.17 4.4 0 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 17.17 4.41 0 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 17.17 4.42 0 0 17.01 5.28 7.1 5.28 -0.34 0 0 0
9.91 0 17.17 4.43 0 0 17.01 5.28 7.1 5.28 -0.34 0 0 0
9.91 0 17.16 4.44 -5.07E-005 4.61E-005 17.01 5.28 7.1 5.28 0.35 0 0 0
9.91 0 17.17 4.46 0 -0.01 17.72 5.96 7.81 5.96 0.35 -0.01 0 0
9.91 0 17.18 4.47 0 -0.01 17.72 5.96 7.81 5.96 0.35 -0.01 0 -0.05
9.91 0 17.19 4.47 8.94E-005 -0.02 17.72 5.96 7.81 5.96 -0.33 0.01 0 -0.05
9.91 0 17.2 4.46 0 -0.02 17.72 5.96 7.81 5.96 -0.33 0.01 0 -0.05
9.91 0 17.2 4.45 0 -0.03 17.72 5.96 7.81 5.96 0 -0.01 0 -0.05
9.91 0 17.21 4.43 -9.22E-005 -0.04 17.72 5.96 7.81 5.96 0 -0.01 0 0
9.91 0 17.22 4.42 0 -0.01 17.72 5.96 7.81 5.96 0.37 0 0 0
9.91 0 17.22 4.43 0 0 17.72 5.96 7.81 5.96 -0.35 0 0 0
9.91 0 17.23 4.45 0 0 17.72 5.96 7.81 5.96 -0.35 0 0 0
9.91 0 17.18 4.42 -9.04E-005 0 13.4 2.09 3.49 2.09 0.35 0 0 0
9.91 0 17.12 4.39 0 0 13.4 2.09 3.49 2.09 0.35 0 0 0
9.91 0 17.07 4.37 0 -8.89E-005 13.4 2.09 3.49 2.09 0 0 0 0
9.91 0 17.02 4.34 0 -5.79E-005 13.4 2.09 3.49 2.09 0 0 0 0
9.91 0 16.97 4.32 0 0.01 13.4 2.09 3.49 2.09 -0.31 0.01 0 0
9.91 0 16.92 4.3 0 0.01 13.4 2.09 3.49 2.09 -0.31 0.01 0 0
9.91 0 16.87 4.28 0 0 13.4 2.09 3.49 2.09 0.34 -0.01 0 0
9.91 0 16.82 4.25 -1.60E-005 -0.01 13.4 2.09 3.49 2.09 0.34 -0.01 0 0
9.91 0 16.77 4.22 0 0 13.4 2.09 3.49 2.09 0 0 0 0
9.91 0 16.65 4.18 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.52 4.14 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 16.4 4.1 0 0.01 7.66 0.69 2.25 0.69 -0.35 0.01 0 0
9.91 0 16.28 4.07 0 0.01 7.66 0.69 2.25 0.69 -0.35 0.01 0 0
9.91 0 16.16 4.04 0 0 7.66 0.69 2.25 0.69 0.36 -0.01 0 0
9.91 0 16.04 4 0 -0.01 7.66 0.69 2.25 0.69 0.36 -0.01 0 0
9.91 0 15.92 3.95 0 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 15.81 3.92 0 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 15.7 3.88 0 0.01 7.66 0.69 2.25 0.69 -0.36 0.01 0 0
9.91 0 15.69 3.89 0 0 7.66 0.69 2.25 0.69 -0.36 0.01 0 0
9.91 0 15.69 3.89 0 0 7.66 0.69 2.25 0.69 0.65 -0.01 0 0
9.91 0 15.69 3.89 0 0 7.66 0.69 2.25 0.69 -0.35 0 0 0
9.91 0 15.69 3.9 0 0 7.66 0.69 2.25 0.69 -0.35 0 0 0
9.91 0 15.69 3.9 0 0 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 15.69 3.9 0 0 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 15.69 3.9 0 0 7.66 0.69 2.25 0.69 0.36 -0.01 0 0
9.91 0 15.69 3.9 0 0 7.66 0.69 2.25 0.69 0.36 -0.01 0 0
9.91 0 15.69 3.9 0 7.83E-005 7.66 0.69 2.25 0.69 0 0.01 0 0
9.91 0 15.57 3.86 0 0.01 7.81 0.36 2.1 0.36 0 0.01 0 0
9.91 0 15.45 3.82 0 0 7.81 0.36 2.1 0.36 -0.33 -0.01 0 0
9.91 0 15.34 3.77 0 0.01 7.81 0.36 2.1 0.36 0 0.01 0 0
9.91 0 15.22 3.74 0 0.01 7.81 0.36 2.1 0.36 0 0.01 0 0
9.91 0 15.11 3.7 0 0 7.81 0.36 2.1 0.36 0.36 -0.01 0 0
9.91 0 15 3.65 0 -0.01 7.81 0.36 2.1 0.36 0.36 -0.01 0 0
9.91 0 14.89 3.61 0 0 7.81 0.36 2.1 0.36 0 0 0 0
9.91 0 14.79 3.57 0 0.01 7.81 0.36 2.1 0.36 0 0.01 0 0
9.91 0 14.69 3.54 0 0.01 7.81 0.36 2.1 0.36 0 0.01 0 0
9.91 0 14.76 3.64 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 14.82 3.73 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 14.89 3.83 0 0 19.49 11.48 9.58 11.48 -0.33 0 0 0
9.91 0 14.96 3.92 0 0 19.49 11.48 9.58 11.48 -0.33 0 0 0
9.91 0 15.02 4.01 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 15.09 4.1 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 15.15 4.18 0 0 19.49 11.48 9.58 11.48 0 0 0 0
9.91 0 15.21 4.27 7.65E-005 0 19.49 11.48 9.58 11.48 -0.35 0 0 0
9.91 0 15.28 4.35 0 0 19.49 11.48 9.58 11.48 -0.35 0 0 0
9.91 0 15.27 4.33 0 2.10E-005 14.6 2.46 4.69 2.46 0.34 0 0 0
9.91 0 15.26 4.31 0 -1.67E-005 14.6 2.46 4.69 2.46 0.34 0 0 0
9.91 0 15.25 4.29 0 -2.89E-005 14.6 2.46 4.69 2.46 0.33 0 0 0
9.91 0 15.24 4.27 0 -3.26E-005 14.6 2.46 4.69 2.46 0.33 0 0 0
9.91 0 15.23 4.25 2.84E-005 -3.36E-005 14.6 2.46 4.69 2.46 -0.35 0 0 0
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9.91 0 15.22 4.23 0 -3.36E-005 14.6 2.46 4.69 2.46 -0.35 0 0 0
9.91 0 15.21 4.2 0 -0.01 14.6 2.46 4.69 2.46 -0.38 -0.02 0 0
9.91 0 15.21 4.18 0 0 14.6 2.46 4.69 2.46 0.73 0 0 0
9.91 0 15.2 4.16 0 0 14.6 2.46 4.69 2.46 0.73 0 0 0
9.91 0 15.2 4.16 0 0 14.6 2.46 4.69 2.46 -0.34 0.01 0 0
9.91 0 15.2 4.16 0 0 14.6 2.46 4.69 2.46 -0.34 0.01 0 0
9.91 0 15.2 4.16 0 0 14.6 2.46 4.69 2.46 0.32 -0.01 0 0
9.91 0 15.2 4.16 0 0 14.6 2.46 4.69 2.46 0.32 -0.01 0 0
9.91 0 15.2 4.16 -5.76E-005 -7.10E-005 14.6 2.46 4.69 2.46 -0.3 0 0 0
9.91 0 15.2 4.15 0 -4.38E-005 14.6 2.46 4.69 2.46 -0.3 0 0 0
9.91 0 15.2 4.15 0 -2.71E-005 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 15.2 4.15 0 -1.69E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 15.2 4.15 0 -1.07E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 15.18 4.14 0 0.01 13.89 1.99 3.98 1.99 -0.69 0.01 0 0
9.91 0 15.15 4.12 0 0.01 13.89 1.99 3.98 1.99 -0.69 0.01 0 0
9.91 0 15.13 4.09 0 0 13.89 1.99 3.98 1.99 -0.33 0 0 0
9.91 0 15.11 4.07 0 0 13.89 1.99 3.98 1.99 -0.33 0 0 0
9.91 0 15.09 4.04 3.46E-005 0 13.89 1.99 3.98 1.99 0.75 0 0 0
9.91 0 15.07 4.02 -5.75E-005 6.20E-005 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.06 3.99 0 -5.26E-006 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.04 3.97 0 -2.70E-005 13.89 1.99 3.98 1.99 -0.35 0 0 0
9.91 0 15.02 3.94 0 -3.38E-005 13.89 1.99 3.98 1.99 -0.35 0 0 0
9.91 0 15.02 3.94 0 -2.08E-005 13.89 1.99 3.98 1.99 0.34 -0.01 0 0
9.91 0 15.02 3.94 0 -1.29E-005 13.89 1.99 3.98 1.99 0.34 -0.01 0 0
9.91 0 15.02 3.94 0 -8.15E-006 13.89 1.99 3.98 1.99 -0.33 0 0 0
9.91 0 15.02 3.94 0 -5.29E-006 13.89 1.99 3.98 1.99 -0.33 0 0.05 0
9.91 0 15.04 3.94 0.04 -3.57E-006 13.89 1.99 3.98 1.99 0 0.01 0.05 0
9.91 0 15.09 3.94 0.06 -2.54E-006 13.89 1.99 3.98 1.99 0.37 -0.01 0.05 0
9.91 0 15.16 3.94 0.08 -1.92E-006 13.89 1.99 3.98 1.99 0.37 -0.01 0.05 0
9.91 0 15.24 3.94 0.08 -1.55E-006 13.89 1.99 3.98 1.99 -0.35 0.01 0 0
9.91 0 15.3 3.94 0.05 -1.33E-006 13.89 1.99 3.98 1.99 -0.35 0.01 0 0
9.91 0 15.37 3.96 0.03 6.06E-005 17.01 5.28 7.1 5.28 -0.35 0 0 0
9.91 0 15.42 3.98 0.02 5.15E-005 17.01 5.28 7.1 5.28 -0.35 0 0 0
9.91 0 15.46 3.99 0.01 -0.01 17.01 5.28 7.1 5.28 0.63 -0.01 0 0
9.91 0 15.49 4.01 0.01 -0.01 17.01 5.28 7.1 5.28 0.63 -0.01 0 0
9.91 0 15.53 4.02 0.01 0 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 15.55 4.04 0 0.01 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.58 4.06 0 0.01 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.6 4.08 0 0 17.01 5.28 7.1 5.28 0 -0.01 0 0
9.91 0 15.63 4.09 0 -0.01 17.01 5.28 7.1 5.28 0 -0.01 0 0
9.91 0 15.63 4.09 0 0 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 -0.54 0 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 -0.54 0 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 0.69 -0.01 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 0.69 -0.01 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.63 4.08 0 0 17.01 5.28 7.1 5.28 -0.73 0 0 0
9.91 0 15.63 4.08 0 -9.31E-005 17.01 5.28 7.1 5.28 -0.73 0 0 0
9.91 0 15.63 4.08 0 -5.68E-005 17.01 5.28 7.1 5.28 0.32 0 0 0
9.91 0 15.63 4.08 0 -3.45E-005 17.01 5.28 7.1 5.28 0.32 0 0 0
9.91 0 15.63 4.08 0 -2.09E-005 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 15.63 4.08 8.50E-005 -1.26E-005 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 15.63 4.08 5.23E-005 -7.45E-006 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 15.63 4.08 3.22E-005 -4.32E-006 17.01 5.28 7.1 5.28 0 0 0 0
9.91 0 15.63 4.08 0 -2.40E-006 17.01 5.28 7.1 5.28 0.37 -0.01 0 0
9.91 0 15.63 4.08 0 -1.23E-006 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.63 4.08 0 -5.14E-007 17.01 5.28 7.1 5.28 0 0.01 0 0
9.91 0 15.61 4.05 0 -7.48E-005 14.6 2.46 4.69 2.46 -0.69 0 0 0
9.91 0 15.59 4.02 0 -6.28E-005 14.6 2.46 4.69 2.46 -0.69 0 0 0
9.91 0 15.57 3.99 0 -4.63E-005 14.6 2.46 4.69 2.46 -0.32 0 0 0
9.91 0 15.55 3.97 0 -3.64E-005 14.6 2.46 4.69 2.46 -0.32 0 0 0
9.91 0 15.53 3.94 8.46E-005 -3.15E-005 14.6 2.46 4.69 2.46 0.72 0 0 0
9.91 0 15.52 3.92 0 -2.92E-005 14.6 2.46 4.69 2.46 0.72 0 0 0
9.91 0 15.5 3.9 3.89E-005 -2.80E-005 14.6 2.46 4.69 2.46 -0.37 0 0 0
9.91 0 15.49 3.87 0 -2.73E-005 14.6 2.46 4.69 2.46 0.71 0 0 0
9.91 0 15.47 3.85 0 -2.67E-005 14.6 2.46 4.69 2.46 0.71 0 0 0
9.91 0 15.47 3.83 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.47 3.82 0 -0.01 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.47 3.8 0 0 15.35 3.03 5.44 3.03 -0.61 0.01 0 0
9.91 0 15.46 3.79 0 0.01 15.35 3.03 5.44 3.03 -0.61 0.01 0 0
9.91 0 15.46 3.78 0 0 15.35 3.03 5.44 3.03 0.6 -0.01 0 0
9.91 0 15.46 3.77 0 0 15.35 3.03 5.44 3.03 0.73 0 0 0
9.91 0 15.46 3.76 0 0 15.35 3.03 5.44 3.03 0.73 0 0 0
9.91 0 15.46 3.75 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.46 3.74 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.46 3.74 0 0 15.35 3.03 5.44 3.03 0 -0.01 0 0
9.91 0 15.46 3.74 0 -6.55E-005 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.46 3.74 0 -4.02E-005 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.46 3.74 0 -2.48E-005 15.35 3.03 5.44 3.03 -0.34 0.01 0 0
9.91 0 15.46 3.74 0 -1.53E-005 15.35 3.03 5.44 3.03 -0.34 0.01 0 0
9.91 0 15.46 3.74 0 -9.50E-006 15.35 3.03 5.44 3.03 0.35 -0.01 0 0
9.91 0 15.47 3.74 0 -5.96E-006 15.35 3.03 5.44 3.03 0.35 -0.01 0 0
9.91 0 15.46 3.74 0 -3.79E-006 15.35 3.03 5.44 3.03 -0.72 0.01 0 0
9.91 0 15.47 3.74 0 -2.46E-006 15.35 3.03 5.44 3.03 0.73 -0.01 0 0
9.91 0 15.44 3.69 0 -0.01 13.8 1.77 3.89 1.77 0.73 -0.01 0 0
9.91 0 15.41 3.66 0 0 13.8 1.77 3.89 1.77 0 0 0 0
9.91 0 15.38 3.63 0 0 13.8 1.77 3.89 1.77 0 0 0 0
9.91 0 15.35 3.6 0 0.01 13.8 1.77 3.89 1.77 -0.71 0.01 0 0
9.91 0 15.32 3.58 0 0.01 13.8 1.77 3.89 1.77 -0.71 0.01 0 0
9.91 0 15.3 3.55 0 0 13.8 1.77 3.89 1.77 0.38 0 0 0
9.91 0 15.27 3.53 6.91E-005 -0.01 13.8 1.77 3.89 1.77 0.36 -0.01 0 0
146
Actual X Actual Y Est x  Est y  Est x_dot  Est y_dot Rf X err RF Y Err  cam x_dot  cam y_dot rf x  rf y  accel x (m/s/s)  accel y (m/s/s)
9.91 0 15.25 3.49 0 -0.01 13.8 1.77 3.89 1.77 0.36 -0.01 0 0
9.91 0 15.22 3.46 0 0 13.8 1.77 3.89 1.77 -0.35 0.01 0 0
9.91 0 15.23 3.47 0 0.01 15.51 3.6 5.6 3.6 -0.35 0.01 0 0
9.91 0 15.23 3.48 0 0 15.51 3.6 5.6 3.6 -0.28 0 0 0
9.91 0 15.23 3.48 0 0 15.51 3.6 5.6 3.6 -0.28 0 0 0
9.91 0 15.24 3.48 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.24 3.48 0 -0.01 15.51 3.6 5.6 3.6 0.38 -0.02 0 0
9.91 0 15.25 3.48 0 -0.01 15.51 3.6 5.6 3.6 0.38 -0.02 0 0
9.91 0 15.25 3.47 0 0 15.51 3.6 5.6 3.6 0 0.01 0 0
9.91 0 15.26 3.48 0 0.01 15.51 3.6 5.6 3.6 0 0.01 0 0
9.91 0 15.26 3.49 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.26 3.49 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.26 3.49 0 0 15.51 3.6 5.6 3.6 -0.93 0 0 0
9.91 0 15.26 3.49 0 0 15.51 3.6 5.6 3.6 -0.93 0 0 0
9.91 0 15.26 3.49 0 0 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.25 3.49 0 0 15.51 3.6 5.6 3.6 0 0 0 -0.07
9.91 0 15.25 3.46 0 -0.06 15.51 3.6 5.6 3.6 0 0 0 -0.07
9.91 0 15.25 3.39 0 -0.09 15.51 3.6 5.6 3.6 0.68 0 0 -0.07
9.91 0 15.26 3.29 0 -0.11 15.51 3.6 5.6 3.6 0 0 0 -0.07
9.91 0 15.26 3.17 0 -0.13 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.26 3.07 0 -0.08 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.26 3.01 9.91E-005 -0.05 15.51 3.6 5.6 3.6 0 0 0 0
9.91 0 15.26 2.97 0 -0.03 15.51 3.6 5.6 3.6 0.17 -0.01 0 0
9.91 0 15.26 2.95 0 -0.02 15.51 3.6 5.6 3.6 0.37 0 0 0
9.91 0 15.26 2.93 0 -0.01 15.51 3.6 5.6 3.6 0.37 0 0 0
9.91 0 15.26 2.92 0 -0.01 15.51 3.6 5.6 3.6 -0.35 0.01 0 0
9.91 0 15.26 2.92 0 0 15.51 3.6 5.6 3.6 -0.35 0.01 0 0
9.91 0 15.26 2.92 0 0 15.51 3.6 5.6 3.6 -0.36 0 0 0
9.91 0 15.26 2.92 0 0 15.35 3.03 5.44 3.03 -0.36 0 0 0
9.91 0 15.26 2.92 0 0 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.26 2.92 0 -7.36E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.26 2.92 0 -2.27E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.26 2.92 0 -1.14E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.26 2.93 -7.28E-005 -2.37E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 -3.89E-005 4.80E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 -1.82E-005 1.03E-005 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 -5.59E-006 6.85E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 -3.40E-006 4.20E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 -2.06E-006 2.59E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 -1.25E-006 1.60E-006 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 0 9.94E-007 15.35 3.03 5.44 3.03 0.36 0 0 0
9.91 0 15.27 2.93 0 6.26E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 0 4.01E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 0 2.64E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 7.51E-005 1.81E-007 15.35 3.03 5.44 3.03 0 0 0 0
9.91 0 15.27 2.93 0 1.30E-007 15.35 3.03 5.44 3.03 -0.35 0 0 0
9.91 0 15.24 2.91 0 -4.28E-005 13.89 1.99 3.98 1.99 -0.35 0 0 0
9.91 0 15.22 2.89 0 -0.01 13.89 1.99 3.98 1.99 0.71 -0.01 0 0
9.91 0 15.19 2.88 0 0 13.89 1.99 3.98 1.99 -0.69 0.01 0 0
9.91 0 15.17 2.87 0 0.01 13.89 1.99 3.98 1.99 -0.69 0.01 0 0
9.91 0 15.14 2.86 0 0 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.12 2.85 0 0 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.1 2.83 0 0 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.08 2.82 0 0 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.06 2.81 0 0 13.89 1.99 3.98 1.99 0.74 0 0 0
9.91 0 15.06 2.81 0 0 13.89 1.99 3.98 1.99 0.74 0 0 0
9.91 0 15.06 2.81 0 9.95E-005 13.89 1.99 3.98 1.99 0.34 -0.01 0 -0.05
9.91 0 15.06 2.79 0 -0.04 13.89 1.99 3.98 1.99 0 0 0 -0.05
9.91 0 15.06 2.74 0 -0.06 13.89 1.99 3.98 1.99 0 0 0 -0.05
9.91 0 15.06 2.67 0 -0.07 13.89 1.99 3.98 1.99 -0.71 0.01 0 -0.05
9.91 0 15.06 2.59 0 -0.08 13.89 1.99 3.98 1.99 -0.71 0.01 0 -0.05
9.91 0 15.06 2.5 0 -0.09 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.06 2.43 0 -0.05 13.89 1.99 3.98 1.99 0 0 0 0
9.91 0 15.06 2.39 0 -0.03 13.89 1.99 3.98 1.99 0 -0.01 0 0
9.91 0 14.91 2.35 0 0 7.66 0.69 2.25 0.69 -0.67 0.01 0 0
9.91 0 14.78 2.33 0 0.01 7.66 0.69 2.25 0.69 -0.67 0.01 0 0
9.91 0 14.64 2.3 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 14.51 2.28 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 14.39 2.24 0 -0.01 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 14.26 2.21 0 -0.01 7.66 0.69 2.25 0.69 0 -0.01 0 0
9.91 0 14.14 2.18 0 0 7.66 0.69 2.25 0.69 -0.36 0.01 0 0
9.91 0 14.03 2.16 0 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 13.91 2.13 0 0 7.66 0.69 2.25 0.69 -0.37 0 0 0
9.91 0 13.91 2.13 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.91 2.13 0 0 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.91 2.13 0 8.72E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.91 2.13 0 5.32E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.91 2.13 0 3.23E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.91 2.13 0 1.95E-005 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.91 2.13 0 1.17E-005 7.66 0.69 2.25 0.69 -0.38 0 0 0
9.91 0 13.91 2.13 0 6.88E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.9 2.13 0 3.93E-006 7.66 0.69 2.25 0.69 0 0 0 0
9.91 0 13.92 2.14 0 1.58E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 13.93 2.15 -1.69E-005 1.27E-005 14.6 2.46 4.69 2.46 0 0 0 0
9.91 0 13.94 2.15 0 0.01 14.6 2.46 4.69 2.46 -0.35 0.01 0 0
9.91 0 13.95 2.17 0 0.01 14.6 2.46 4.69 2.46 -0.35 0.01 0 0
9.91 0 13.97 2.17 7.85E-005 0 14.6 2.46 4.69 2.46 0.35 -0.01 0 0
9.91 0 13.98 2.17 0 -0.01 14.6 2.46 4.69 2.46 0.35 -0.01 0 0
9.91 0 13.99 2.18 0 0 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 14 2.19 0 0.01 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 14.01 2.2 0 0.01 14.6 2.46 4.69 2.46 -0.36 0.01 0 0
9.91 0 14.01 2.2 0 0.01 13.89 1.99 3.98 1.99 -0.36 0.01 0 0
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Actual X Actual Y Est x  Est y  Est x_dot  Est y_dot Rf X err RF Y Err  cam x_dot  cam y_dot rf x  rf y  accel x (m/s/s)  accel y (m/s/s)
9.91 0 14 2.21 0 0.01 13.89 1.99 3.98 1.99 -0.36 0.01 0 0
9.91 0 14 2.22 0 0.01 13.89 1.99 3.98 1.99 -0.36 0.01 0 -0.05
9.91 0 13.99 2.21 0 -0.01 13.89 1.99 3.98 1.99 -0.36 0.01 0 -0.05
9.91 0 13.99 2.19 0 -0.02 13.89 1.99 3.98 1.99 -0.36 0.01 0 -0.05
9.91 0 13.99 2.16 0 -0.02 13.89 1.99 3.98 1.99 -0.36 0.01 0 -0.05
9.91 0 13.98 2.13 0 -0.02 13.89 1.99 3.98 1.99 -0.36 0.01 0 -0.05
9.91 0 13.98 2.11 0 -0.02 13.89 1.99 3.98 1.99 -0.36 0.01 0 0
9.91 0 13.98 2.09 0 -7.42E-005 13.89 1.99 3.98 1.99 -0.36 0.01 0 0
9.91 0 14 2.11 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.02 2.13 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.04 2.15 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.06 2.17 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.08 2.2 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.1 2.22 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.12 2.24 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.13 2.26 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0
9.91 0 14.15 2.28 0 0.01 15.35 3.03 5.44 3.03 -0.36 0.01 0 0




This appendix shows the raw sensor data log. This particular log was used to ascertain the
performance of the system when moving along a predefined linear path. The characteristics









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This appendix shows the raw sensor data log. This particular log was used to ascertain the
performance of the system when moving along a path in 2-dimensions. The characteristics


























































































































































































































































































































































































































































































































































































































































































































































































This appendix shows the raw sensor data log. This particular log was used to ascertain the
performance of the system when constantly moving between two predefined points. The
system was not stopped along the path to make additional measurements. The characteris-
tics of interest were the mean and standard deviation of the error.
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 Est y  Est x_dot  Est y_dot  cam x_dot  cam y_dot X Error Y Error
0 0 0 0 1.49 0 1.49 0 0.05
0.02 -4.90E-005 0.04 8.9 7.76 0 0 0.07 0 0 0.0216
0.05 0.06 0.02 8.9 7.76 0 0 0.07 0
0.08 0.09 0.01 8.9 7.76 0 0 0.07 0
-0.31 0.09 -0.01 6.94 -2.27 0 0 0.05 0
-0.62 0.08 -0.02 6.94 -2.27 0 0 0.05 0
-0.87 0.08 -0.02 6.94 -2.27 0 0 0.05 0
-1.06 0.08 -0.01 6.94 -2.27 0 0 0.05 0
-1.21 0.09 -0.01 6.94 -2.27 0 0 0.05 0
-1.32 0.09 -0.01 6.94 -2.27 0 0 0.05 0
-1.42 0.09 0 6.94 -2.27 0 0 0.05 0
-1.5 0.09 0 6.94 -2.27 0 0 0.05 0
-1.56 0.09 0 6.94 -2.27 0 0 0.05 0
-1.4 0.1 0 7.68 0.65 0 0 0.05 0
-1.25 0.1 0 7.68 0.65 0 0 0.07 0
-1.13 0.12 1.83E-005 7.68 0.65 0 0 0.07 0
-1.02 0.13 0 7.68 0.65 0 0 0.07 0
-0.92 0.13 0 7.68 0.65 0 0 0.07 0
-0.83 0.14 0 7.68 0.65 0 0 0 0
-0.75 0.08 0 7.68 0.65 0 0 0 0
-0.68 0.05 0 7.68 0.65 0 0 0 0
-0.62 0.03 0 7.68 0.65 0 0 0 0
-0.57 0.02 0 8.23 0.36 0 0 0 0
-0.53 0.01 0 8.23 0.36 0 0 0 0
-0.49 0.01 0 8.23 0.36 0 0 0 0
-0.46 0 0 8.23 0.36 0 0 0 0
-0.42 0 0 8.23 0.36 0 0 0 0
-0.39 0 0 8.23 0.36 0 0 0 0
-0.36 0 0 8.23 0.36 0 0 0.1 0.29
-0.22 0.08 0.23 8.23 0.36 0 0 0.1 0.29
0.09 0.12 0.36 8.23 0.36 0 0 0.1 0.29
0.56 0.15 0.45 13.4 2.09 0 0 0.1 0.29
1.07 0.17 0.5 13.4 2.09 0 0 -0.05 -0.07
1.46 0.07 0.25 13.4 2.09 0 0 -0.05 -0.07
1.64 0 0.1 13.4 2.09 0 0 -0.05 -0.07
1.7 -0.04 0 13.4 2.09 0 0 -0.05 -0.07
1.68 -0.06 -0.05 13.4 2.09 0 0 -0.05 -0.07
1.62 -0.07 -0.09 13.4 2.09 0 0 -0.05 0.36
1.71 -0.08 0.23 13.4 2.09 0 0 -0.05 0.36
2.05 -0.09 0.42 13.4 2.09 0 0 -0.05 0.36
2.52 -0.09 0.54 13.4 2.09 0 0 -0.05 0.36
3 -0.09 0.61 10.37 -0.7 0 0 -0.05 0.36
3.52 -0.09 0.66 10.37 -0.7 0 0 0.52 0.14
3.97 0.36 0.52 10.37 -0.7 0 0 0.52 0.14
4.31 0.63 0.43 10.37 -0.7 0 0 0.52 0.14
4.57 0.8 0.37 10.37 -0.7 0 0 0.52 0.14
4.79 0.9 0.34 10.37 -0.7 0 0 0 -0.14
4.86 0.55 0.1 10.37 -0.7 0 0 0 -0.14
4.74 0.34 -0.05 10.37 -0.7 0 0 0 -0.14
4.5 0.21 -0.15 10.37 -0.7 0 0 0 -0.14
4.24 0.13 -0.2 7.68 0.65 0 0 0 -0.14
3.94 0.08 -0.24 7.68 0.65 0 0 -0.12 -0.31
3.55 -0.05 -0.39 7.68 0.65 0 0 -0.12 -0.31
3.05 -0.12 -0.48 7.68 0.65 0 0 -0.12 -0.31
2.5 -0.17 -0.54 7.68 0.65 0 0 -0.12 -0.31
1.91 -0.2 -0.58 7.68 0.65 0 0 0 0.14
1.49 -0.12 -0.24 7.68 0.65 0 0 0 0.14
1.35 -0.07 -0.03 7.68 0.65 0 0 0.1 -0.05
1.3 0.03 -0.06 7.68 0.65 0 0 0.1 -0.05
1.23 0.09 -0.07 7.68 0.65 0 0 0.1 -0.05
1.16 0.13 -0.08 7.68 0.65 0 0 0.1 -0.05
1.07 0.16 -0.09 7.68 0.65 0 0 -0.24 -0.1
0.96 -0.09 -0.13 7.68 0.65 0 0 -0.24 -0.1
0.82 -0.24 -0.15 7.68 0.65 0 0 -0.24 -0.1
0.66 -0.34 -0.17 11.85 0.87 0 0 -0.24 -0.1
0.49 -0.4 -0.18 11.85 0.87 0 0 0.05 0.1
 rf x  rf y  accel x  accel y
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 Est y  Est x_dot  Est y_dot  cam x_dot  cam y_dot X Error Y Error rf x  rf y  accel x  accel y
0.4 -0.2 -0.03 11.85 0.87 0 0 0.05 0.1
0.43 -0.09 0.05 11.85 0.87 0 0 0.05 0.1
0.52 -0.02 0.11 11.85 0.87 0 0 0.05 0.1
0.65 0.03 0.14 11.85 0.87 0 0 0.05 0.1
0.8 0.05 0.16 11.85 0.87 0 0 0.1 0.07
0.96 0.11 0.16 11.85 0.87 0 0 0.1 0.07
1.11 0.14 0.15 11.85 0.87 0 0 0.1 0.07
1.27 0.16 0.15 13.2 1.61 0 0 0.1 0.07
1.42 0.17 0.15 13.2 1.61 0 0 0.1 0.07
1.57 0.18 0.15 13.2 1.61 0 0 0.21 -0.12
1.63 0.28 0 13.2 1.61 0 0 0.21 -0.12
1.58 0.34 -0.1 13.2 1.61 0 0 0.21 -0.12
1.46 0.38 -0.15 13.2 1.61 0 0 0.21 -0.12
1.29 0.4 -0.19 13.2 1.61 0 0 -0.05 0.07
1.18 0.21 -0.06 13.2 1.61 0 0 -0.05 0.07
1.17 0.09 0.02 13.2 1.61 0 0 -0.05 0.07
1.21 0.02 0.07 9.75 0.83 0 0 -0.05 0.07
1.29 -0.03 0.1 9.75 0.83 0 0 -0.05 0.07
1.39 -0.05 0.12 9.75 0.83 0 0 0.43 0.31
1.6 0.31 0.32 9.75 0.83 0 0 0.43 0.31
1.96 0.53 0.44 9.75 0.83 0 0 0.43 0.31
2.41 0.66 0.51 9.75 0.83 0 0 0.43 0.31
2.9 0.74 0.56 9.75 0.83 0 0 0.26 0.24
3.4 0.66 0.53 9.75 0.83 0 0 0.26 0.24
3.86 0.61 0.51 9.75 0.83 0 0 0.26 0.24
4.37 0.58 0.5 9.75 0.83 0 0 0.26 0.24
4.87 0.56 0.5 9.75 0.83 0 0 0.26 0.24
5.36 0.55 0.49 9.75 0.83 0 0 0 -0.1
5.71 0.34 0.23 9.75 0.83 0 0 0 -0.1
5.85 0.21 0.06 9.75 0.83 0 0 0 -0.1
5.86 0.13 -0.04 9.75 0.83 0 0 0 -0.1
5.79 0.08 -0.1 9.75 0.83 0 0 0 -0.1
5.67 0.05 -0.14 9.75 0.83 0 0 0.05 0.29
5.68 0.07 0.14 9.75 0.83 0 0 0.05 0.29
5.81 0.08 0.31 7.68 0.65 0 0 0.05 0.29
6.07 0.08 0.42 7.68 0.65 0 0 0.05 0.29
6.4 0.09 0.48 7.68 0.65 0 0 0.05 0.29
6.78 0.09 0.52 7.68 0.65 0 0 0.29 0.05
7.08 0.28 0.36 7.68 0.65 0 0 0.29 0.05
7.25 0.4 0.25 7.68 0.65 0 0 0.29 0.05
7.34 0.47 0.19 7.68 0.65 0 0 0.29 0.05
7.37 0.51 0.16 7.68 0.65 0 0 0.1 -0.26
7.26 0.39 -0.11 7.68 0.65 0 0 0.1 -0.26
6.92 0.31 -0.28 8.05 -0.16 0 0 0.1 -0.26
6.46 0.27 -0.38 8.05 -0.16 0 0 0.1 -0.26
5.93 0.24 -0.44 8.05 -0.16 0 0 0.1 -0.26
5.36 0.22 -0.48 8.05 -0.16 0 0 -0.12 0.12
4.94 0.04 -0.2 8.05 -0.16 0 0 -0.12 0.12
4.74 -0.07 -0.03 8.05 -0.16 0 0 -0.12 0.12
4.68 -0.14 0.08 8.05 -0.16 0 0 -0.12 0.12
4.7 -0.18 0.14 8.05 -0.16 0 0 0 0.17
4.79 -0.11 0.22 8.05 -0.16 0 0 0 0.17
4.94 -0.07 0.26 7.96 0.04 0 0 0 0.17
5.13 -0.04 0.29 7.96 0.04 0 0 0 0.17
5.33 -0.03 0.31 7.96 0.04 0 0 0 0.17
5.55 -0.02 0.32 7.96 0.04 0 0 -0.05 -0.24
5.6 -0.05 0.01 7.96 0.04 0 0 -0.05 -0.24
5.41 -0.07 -0.18 7.96 0.04 0 0 -0.05 -0.24
5.07 -0.08 -0.3 7.96 0.04 0 0 -0.05 -0.24
4.65 -0.09 -0.37 7.96 0.04 0 0 -0.05 -0.24
4.18 -0.09 -0.42 7.96 0.04 0 0 0.26 -0.07
3.76 0.15 -0.31 10.36 0.61 0 0 0.26 -0.07
3.43 0.3 -0.25 10.36 0.61 0 0 0.26 -0.07
3.16 0.39 -0.21 10.36 0.61 0 0 0.26 -0.07
2.92 0.45 -0.18 10.36 0.61 0 0 0.38 0.26
2.85 0.57 0.09 10.36 0.61 0 0 0.38 0.26
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 Est y  Est x_dot  Est y_dot  cam x_dot  cam y_dot X Error Y Error rf x  rf y  accel x  accel y
3 0.65 0.26 10.36 0.61 0 0 0.38 0.26
3.27 0.7 0.37 10.36 0.61 0 0 0.38 0.26
3.62 0.73 0.43 10.36 0.61 0 0 0.38 0.26
4.02 0.75 0.47 10.36 0.61 0 0 0 0.1
4.36 0.46 0.36 9.8 0.35 0 0 0 0.1
4.61 0.28 0.3 9.8 0.35 0 0 0 0.1
4.81 0.17 0.26 9.8 0.35 0 0 0 0.1
4.98 0.1 0.23 9.8 0.35 0 0 0.6 -0.07
5.05 0.53 0.09 9.8 0.35 0 0 0.6 -0.07
5.01 0.8 0 9.8 0.35 0 0 0.6 -0.07
4.9 0.96 -0.06 9.8 0.35 0 0 0.6 -0.07
4.74 1.06 -0.09 9.8 0.35 0 0 0.6 -0.07
4.57 1.12 -0.11 9.8 0.35 0 0 0.17 -0.07
4.35 0.81 -0.13 7.76 -1.56 0 0 0.17 -0.07
4.12 0.63 -0.13 7.76 -1.56 0 0 0.17 -0.07
3.89 0.52 -0.14 7.76 -1.56 0 0 0.17 -0.07
3.66 0.45 -0.14 7.76 -1.56 0 0 -0.5 -0.12
3.41 -0.12 -0.18 7.76 -1.56 0 0 -0.5 -0.12
3.14 -0.47 -0.21 7.76 -1.56 0 0 -0.5 -0.12
2.85 -0.69 -0.22 7.76 -1.56 0 0 -0.5 -0.12
2.56 -0.82 -0.23 7.76 -1.56 0 0 -0.5 -0.12
2.33 -0.9 -0.23 7.76 -1.56 0 0 -0.36 -0.19
2.06 -0.83 -0.29 7.76 -1.56 0 0 -0.36 -0.19
1.74 -0.79 -0.33 7.76 -1.56 0 0 -0.36 -0.19
1.4 -0.77 -0.35 7.76 -1.56 0 0 -0.36 -0.19
1.04 -0.75 -0.37 7.76 -1.56 0 0 0.14 0.31
0.88 -0.35 0.02 7.76 -1.56 0 0 0.14 0.31
1.03 -0.1 0.26 7.76 -1.56 0 0 0.14 0.31
1.37 0.05 0.4 7.76 -1.56 0 0 0.14 0.31
1.82 0.14 0.49 7.76 -1.56 0 0 -0.41 0.07
2.18 -0.23 0.36 13.82 -0.62 0 0 -0.41 0.07
2.44 -0.46 0.27 13.82 -0.62 0 0 -0.41 0.07
2.62 -0.6 0.22 13.82 -0.62 0 0 -0.41 0.07
2.77 -0.69 0.19 13.82 -0.62 0 0 -0.41 0.07
2.89 -0.74 0.17 13.82 -0.62 0 0 -0.31 -0.24
2.86 -0.7 -0.08 13.82 -0.62 0 0 -0.31 -0.24
2.63 -0.67 -0.24 13.82 -0.62 0 0 -0.31 -0.24
2.29 -0.66 -0.33 13.82 -0.62 0 0 -0.31 -0.24
1.94 -0.65 -0.39 17.19 2.99 0 0 0.05 -0.1
1.61 -0.36 -0.32 17.19 2.99 0 0 0.05 -0.1
1.35 -0.18 -0.27 17.19 2.99 0 0 0.05 -0.1
1.13 -0.07 -0.24 17.19 2.99 0 0 0.05 -0.1
0.94 -0.01 -0.22 17.19 2.99 0 0 0.05 -0.1
0.76 0.03 -0.21 17.19 2.99 0 0 -0.36 0.1
0.68 -0.26 -0.05 17.19 2.99 0 0 -0.36 0.1
0.72 -0.44 0.04 17.19 2.99 0 0 -0.36 0.1
0.83 -0.55 0.1 17.19 2.99 0 0 -0.36 0.1
0.99 -0.62 0.14 17.19 2.99 0 0 0 -0.21
0.99 -0.38 -0.09 7.96 0.04 0 0 0 -0.21
0.81 -0.23 -0.22 7.96 0.04 0 0 0 -0.21
0.54 -0.14 -0.31 7.96 0.04 0 0 0 -0.21
0.2 -0.09 -0.36 7.96 0.04 0 0 0 -0.21
-0.17 -0.05 -0.39 7.96 0.04 0 0 0.33 -0.07
-0.49 0.23 -0.29 7.96 0.04 0 0 0.33 -0.07
-0.74 0.4 -0.24 7.96 0.04 0 0 0.33 -0.07
-0.94 0.51 -0.2 7.96 0.04 0 0 0.33 -0.07
-1.12 0.58 -0.18 12.77 -0.32 0 0 -0.19 -0.24
-1.35 0.2 -0.3 12.77 -0.32 0 0 -0.19 -0.24
-1.66 -0.03 -0.37 12.77 -0.32 0 0 -0.19 -0.24
-2.03 -0.17 -0.42 12.77 -0.32 0 0 -0.19 -0.24
-2.42 -0.25 -0.44 12.77 -0.32 0 0 -0.19 -0.24
-2.83 -0.31 -0.46 12.77 -0.32 0 0 0 -0.17
-3.22 -0.19 -0.41 12.77 -0.32 0 0 0 -0.17
-3.56 -0.11 -0.38 12.77 -0.32 0 0 0 -0.17
-3.87 -0.07 -0.37 12.77 -0.32 0 0 0 -0.17
-4.18 -0.04 -0.36 12.97 -0.98 0 0 0.07 -0.31
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 Est y  Est x_dot  Est y_dot  cam x_dot  cam y_dot X Error Y Error rf x  rf y  accel x  accel y
-4.53 0.03 -0.46 12.97 -0.98 0 0 0.07 -0.31
-4.97 0.08 -0.53 12.97 -0.98 0 0 0.07 -0.31
-5.44 0.1 -0.57 12.97 -0.98 0 0 0.07 -0.31
-5.94 0.12 -0.59 12.97 -0.98 0 0 0.07 -0.31
-6.45 0.13 -0.61 12.97 -0.98 0 0 0.52 0.1
-6.79 0.49 -0.3 12.97 -0.98 0 0 0.52 0.1
-6.88 0.72 -0.11 12.97 -0.98 0 0 0.52 0.1
-6.83 0.85 0.01 12.97 -0.98 0 0 0.52 0.1
-6.69 0.94 0.08 9.78 -1.44 0 0 0.36 0
-6.54 0.86 0.05 9.78 -1.44 0 0 0.36 0
-6.42 0.81 0.03 9.78 -1.44 0 0 0.36 0
-6.31 0.78 0.02 9.78 -1.44 0 0 0.36 0
-6.22 0.76 0.01 9.78 -1.44 0 0 0.36 0
-6.13 0.75 0.01 9.78 -1.44 0 0 0.26 -0.19
-6.13 0.66 -0.15 9.78 -1.44 0 0 0.26 -0.19
-6.25 0.61 -0.24 9.78 -1.44 0 0 0.26 -0.19
-6.44 0.58 -0.3 9.78 -1.44 0 0 0.26 -0.19
-6.63 0.56 -0.33 10.57 0.95 0 0 0.26 0
-6.76 0.55 -0.2 10.57 0.95 0 0 0.26 0
-6.8 0.54 -0.12 10.57 0.95 0 0 0.26 0
-6.77 0.54 -0.07 10.57 0.95 0 0 0.26 0
-6.7 0.54 -0.04 10.57 0.95 0 0 0.26 0
-6.61 0.54 -0.03 10.57 0.95 0 0 0.24 0.29
-6.39 0.52 0.21 10.57 0.95 0 0 0.24 0.29
-5.99 0.5 0.36 10.57 0.95 0 0 0.24 0.29
-5.49 0.5 0.44 7.76 0.48 0 0 0.24 0.29
-4.93 0.49 0.5 7.76 0.48 0 0 0 0.05
-4.43 0.3 0.34 7.76 0.48 0 0 0 0.05
-4.07 0.18 0.25 7.76 0.48 0 0 0 0.05
-3.78 0.11 0.19 7.76 0.48 0 0 0 0.05
-3.55 0.07 0.15 7.76 0.48 0 0 0 0.05
-3.34 0.04 0.13 7.76 0.48 0 0 -0.05 0.05
-3.16 -0.01 0.12 7.76 0.48 0 0 -0.05 0.05
-2.99 -0.05 0.11 7.76 0.48 0 0 -0.05 0.05
-2.88 -0.07 0.11 7.76 0.48 0 0 -0.05 0.05
-2.77 -0.08 0.1 7.76 0.48 0 0 0 0.17
-2.62 -0.05 0.19 7.76 0.48 0 0 0 0.17
-2.4 -0.03 0.25 7.76 0.48 0 0 0 0.17
-2.13 -0.02 0.29 7.76 0.48 0 0 0 0.17
-1.83 -0.01 0.31 7.76 0.48 0 0 0 0.17
-1.52 -0.01 0.32 7.76 0.48 0 0 -0.12 -0.41
-1.44 -0.1 -0.12 7.76 0.48 0 0 -0.12 -0.41
-1.71 -0.15 -0.4 7.76 0.48 0 0 -0.12 -0.41
-2.2 -0.19 -0.56 8.43 -2.3 0 0 -0.12 -0.41
-2.81 -0.21 -0.66 8.43 -2.3 0 0 -0.12 -0.41
-3.48 -0.22 -0.73 8.43 -2.3 0 0 -0.6 -0.21
-4.12 -0.61 -0.61 8.43 -2.3 0 0 -0.6 -0.21
-4.65 -0.84 -0.55 8.43 -2.3 0 0 -0.6 -0.21
-5.12 -0.99 -0.5 8.43 -2.3 0 0 -0.6 -0.21
-5.55 -1.08 -0.48 8.43 -2.3 0 0 0.29 0
-5.87 -0.43 -0.29 8.43 -2.3 0 0 0.29 0
-6.03 -0.04 -0.18 8.43 -2.3 0 0 0.29 0
-6.09 0.2 -0.11 10.04 -1.76 0 0 0.29 0
-6.1 0.35 -0.07 10.04 -1.76 0 0 0.29 0
-6.08 0.44 -0.04 10.04 -1.76 0 0 0 0
-6.04 0.27 -0.02 10.04 -1.76 0 0 0 0
-5.98 0.16 -0.01 10.04 -1.76 0 0 0 0
-5.92 0.1 -0.01 10.04 -1.76 0 0 0 0
-5.86 0.06 0 10.04 -1.76 0 0 0 0
-5.79 0.04 0 10.04 -1.76 0 0 -0.07 -0.17
-5.79 -0.03 -0.13 10.04 -1.76 0 0 -0.07 -0.17
-5.97 -0.08 -0.21 10.04 -1.76 0 0 -0.07 -0.17
-6.21 -0.1 -0.26 10.04 -1.76 0 0 -0.07 -0.17
-6.49 -0.12 -0.29 10.04 -1.76 0 0 0.05 -0.07
-6.75 -0.04 -0.24 10.04 -1.76 0 0 0.05 -0.07
-6.97 0.02 -0.2 10.04 -1.76 0 0 0.05 -0.07
157
 Est y  Est x_dot  Est y_dot  cam x_dot  cam y_dot X Error Y Error rf x  rf y  accel x  accel y
-7.15 0.05 -0.18 10.04 -1.76 0 0 0.05 -0.07
-7.33 0.07 -0.17 10.04 -1.76 0 0 0 -0.26
-7.57 0.04 -0.31 10.04 -1.76 0 0 0 -0.26
-7.93 0.02 -0.4 10.04 -1.76 0 0 0 -0.26
-8.35 0.02 -0.45 10.04 -1.76 0 0 0 -0.14
-8.77 0.01 -0.39 10.04 -1.76 0 0 0 -0.14
-9.14 0.01 -0.35 10.04 -1.76 0 0 0 -0.14
-9.47 0 -0.33 10.04 -1.76 0 0 0 -0.14
-9.79 0 -0.31 10.04 -1.76 0 0 0 -0.14
-10.1 0 -0.31 10.04 -1.76 0 0 0 -0.07
-10.37 0 -0.24 10.04 -1.76 0 0 0 -0.07
-10.6 0 -0.21 10.04 -1.76 0 0 0 -0.07
-10.79 0 -0.18 10.04 -1.76 0 0 0 -0.07
-10.96 0 -0.17 10.04 -1.76 0 0 -0.05 -0.05
-11.12 -0.04 -0.14 10.04 -1.76 0 0 -0.05 -0.05
-11.25 -0.06 -0.12 10.04 -1.76 0 0 -0.05 -0.05
-11.36 -0.07 -0.11 10.04 -1.76 0 0 -0.05 -0.05
-11.47 -0.08 -0.11 10.04 -1.76 0 0 -0.05 -0.05
-11.58 -0.09 -0.1 10.04 -1.76 0 0 0 -0.05
-11.68 -0.05 -0.1 10.04 -1.76 0 0 0 -0.05
-11.78 -0.03 -0.1 10.04 -1.76 0 0 0 -0.05
-11.88 -0.02 -0.1 10.04 -1.76 0 0 0 -0.05
-11.98 -0.01 -0.1 10.04 -1.76 0 0 0 0
-12.05 -0.01 -0.06 10.04 -1.76 0 0 0 0
-12.1 0 -0.04 10.04 -1.76 0 0 0 0
-12.13 0 -0.02 10.04 -1.76 0 0 0 0
-12.15 0 -0.01 10.04 -1.76 0 0 0 0
-12.16 0 -0.01 10.04 -1.76 0 0 0 0
-12.16 0 -0.01 10.04 -1.76 0 0 0 0
-12.17 0 0 10.04 -1.76 0 0 0 0
-12.17 0 0 10.04 -1.76 0 0 0 0
-12.17 0 0 10.04 -1.76 0 0 0 0
-12.17 -9.55E-005 0 10.04 -1.76 0 0 0 0
-12.17 -5.96E-005 0 10.04 -1.76 0 0 0 0
-12.17 -3.77E-005 0 10.04 -1.76 0 0 0 0
-12.17 -2.42E-005 0 10.04 -1.76 0 0 0 0
-12.17 -1.60E-005 -9.67E-005 10.04 -1.76 0 0 0 0
-11.94 0 0 5.09 -3.84 0 0 0 0
-11.72 0 0 5.09 -3.84 0 0 0 0
-11.52 0 0 5.09 -3.84 0 0 0 0
-11.32 0 0 5.09 -3.84 0 0 0 0
-11.13 0 0 5.09 -3.84 0 0 0 0
-10.94 0 0 5.09 -3.84 0 0 0 0
-10.77 0 0 5.09 -3.84 0 0 0 0
-10.6 0 0 5.09 -3.84 0 0 0 0
-10.44 0 0 5.09 -3.84 0 0 0 0
-10.43 0 0 5.09 -3.84 0 0 0 0
-10.43 0 0 5.09 -3.84 0 0 0 0
-10.43 0 0 5.09 -3.84 0 0 0 0
-10.43 0 0 5.09 -3.84 0 0 0 0
-10.43 0 0 5.09 -3.84 0 0 0 0
-10.43 -8.64E-005 9.05E-005 5.09 -3.84 0 0 0 0
-10.43 -5.47E-005 5.67E-005 5.09 -3.84 0 0 0 0
-10.43 -3.53E-005 3.60E-005 5.09 -3.84 0 0 0 0
-10.43 -2.34E-005 2.34E-005 5.09 -3.84 0 0 0 0
-10.2 0 0 7.76 -1.56 0 0 0 0
-9.98 0 0 7.76 -1.56 0 0 0 0
-9.77 0 0 7.76 -1.56 0 0 0 0
-9.57 0 0 7.76 -1.56 0 0 0 0
-9.37 0 0 7.76 -1.56 0 0 0 0
-9.18 0 0 7.76 -1.56 0 0 0 0
-9 0 0 7.76 -1.56 0 0 0 0
-8.83 0 0 7.76 -1.56 0 0 0 0
-8.83 0 0 7.76 -1.56 0 0 0 0
-8.83 0 0 7.76 -1.56 0 0 0 0
-8.83 0 0 7.76 -1.56 0 0 0 0
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 Est y  Est x_dot  Est y_dot  cam x_dot  cam y_dot X Error Y Error rf x  rf y  accel x  accel y
-8.83 0 0 7.76 -1.56 0 0 0 0
-8.82 -8.19E-005 0 7.76 -1.56 0 0 0 0
-8.82 -5.12E-005 9.90E-005 7.76 -1.56 0 0 0 0
-8.82 -3.24E-005 6.21E-005 7.76 -1.56 0 0 0 0
-8.82 -2.09E-005 3.95E-005 7.76 -1.56 0 0 0 0
-8.82 -1.39E-005 2.56E-005 7.76 -1.56 0 0 0 0
-8.82 -9.56E-006 1.71E-005 7.76 -1.56 0 0 0 0
-8.82 -6.92E-006 1.19E-005 7.76 -1.56 0 0 0 0
-8.82 -5.30E-006 8.76E-006 7.76 -1.56 0 0 0 0
-8.82 -4.31E-006 6.82E-006 7.76 -1.56 0 0 0 0
-8.82 -3.71E-006 5.62E-006 7.76 -1.56 0 0 0 0
-8.82 -3.33E-006 4.89E-006 7.76 -1.56 0 0 0 0
-8.82 -3.11E-006 4.45E-006 7.76 -1.56 0 0 0 0
-8.82 -2.97E-006 4.17E-006 7.76 -1.56 0 0 0 0
-8.82 -2.88E-006 4.00E-006 7.76 -1.56 0 0 0 0
-5.19 -2.14 2.91 7.76 -1.56 0 0 0 0
-2.89 -1.31 1.78 7.76 -1.56 0 0 0 0
-1.48 -0.8 1.09 7.76 -1.56 0 0 0 0
-0.62 -0.49 0.67 7.76 -1.56 0 0 0 0
-0.09 -0.3 0.41 10.37 -0.7 0 0 0 0
0.24 -0.18 0.25 10.37 -0.7 0 0 0 0
0.44 -0.11 0.15 10.37 -0.7 0 0 0 0
0.57 -0.07 0.09 10.37 -0.7 0 0 0 0 3.78 4.84
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